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GLOSSARY
This report relies on the following terms and definitions that were derived from the
California Coastal Commission Sea Level Rise Policy Guidance, adopted August 12,
2015.
Adaptation: Adjustment in natural or human systems in response to actual or expected
climatic stimuli or their effects, which minimizes harm or takes advantage of beneficial
opportunities.
Adaptive capacity: The ability of a system to respond to climate change (including
climate variability and extremes), to moderate potential damages, to take advantage of
opportunities, and to cope with the consequences.
Coastal-dependent development or use: Any development or use which requires a
site on, or adjacent to, the sea to be able to function at all.
Coastal resources: A general term used throughout the Guidance to refer to those
resources addressed in Chapter 3 of the California Coastal Act, including beaches,
wetlands, agricultural lands, and other coastal habitats; coastal development; public
access and recreation opportunities; cultural, archaeological, and paleontological
resources; and scenic and visual qualities.
Development: On land, in or under water, the placement or erection of any solid
material or structure; discharge or disposal of any dredged material or of any gaseous,
liquid, solid, or thermal waste; grading, removing, dredging, mining, or extraction of any
materials; change in the density or intensity of use of land, including, but not limited to,
subdivision pursuant to the Subdivision Map Act (commencing with Section 66410 of
the Government Code), and any other division of land, including lot splits, except where
the land division is brought about in connection with the purchase of such land by a
public agency for public recreational use; change in the intensity of use of water, or of
access thereto; construction, reconstruction, demolition, or alteration of the size of any
structure, including any facility of any private, public, or municipal utility; and the
removal or harvesting of major vegetation other than for agricultural purposes, kelp
harvesting, and timber operations which are in accordance with a timber harvesting plan
submitted pursuant to the provisions of the Z’berg-Nejedly Forest Practice of 1973
(commencing with Section 4511).
Environmentally Sensitive [Habitat] Area (ESHA): Any area in which plant or animal
life or their habitats are either rare or especially valuable because of their special nature
or role in an ecosystem and which could be easily disturbed or degraded by human
activities and developments.
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Flood (or Flooding): Refers to normally dry land becoming temporarily covered in
water, either periodically (e.g., tidal flooding) or episodically (e.g., storm or tsunami
flooding).
Inundation: The process of dry land becoming permanently drowned or submerged,
such as from dam construction or from sea level rise.
Mean sea level: The average relative sea level over a period, such as a month or a
year, long enough to average out transients such as waves and tides. Relative sea level
is sea level measured by a tide gauge with respect to the land upon which it is situated.
Risk: Commonly considered to be the combination of the likelihood of an event and its
consequences – i.e., risk equals the probability of climate hazard occurring multiplied
the consequences a given system may experience.
Sea level: The height of the ocean relative to land; tides, wind, atmospheric pressure
changes, heating, cooling, and other factors cause sea level changes.
Sea level change/sea level rise: Sea level can change, both globally and locally, due
to (a) changes in the shape of the ocean basins, (b) changes in the total mass of water
and (c) changes in water density. Factors leading to sea level rise under global warming
include both increases in the total mass of water from the melting of land-based snow
and ice, and changes in water density from an increase in ocean water temperatures
and salinity changes. Relative sea level rise occurs where there is a local increase in
the level of the ocean relative to the land, which might be due to ocean rise and/or land
level subsidence.
Sea level rise impact: An effect of sea level rise on the structure or function of a
system.
Sensitivity: The degree to which a system is affected, either adversely or beneficially,
by climate-related stimuli. The effect may be direct (e.g., a change in crop yield in
response to a change in the mean, range, or variability of temperature) or indirect (e.g.,
climatic or non-climatic stressors may cause people to be more sensitive to additional
extreme conditions from climate change than they would be in the absence of these
stressors).
Shore protection: Structures or sand placed at or on the shore to reduce or eliminate
upland damage from wave action or flooding during storms.
Shoreline protective devices: A broad term for constructed features such as seawalls,
revetments, riprap, earthen berms, cave fills, and bulkheads that block the landward
retreat of the shoreline and are used to protect structures or other features from erosion
and other hazards.
Still water level: The elevation that the surface of the water would assume if all wave
action was absent.
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Storm surge: A rise above normal water level on the open coast due to the action of
wind stress on the water surface. Storm surge resulting from a hurricane also includes
the rise in water level due to atmospheric pressure reduction as well as that due to wind
stress.
Subsidence: Sinking or down-warping of a part of the earth's surface; can result from
seismic activity, changes in loadings on the earth’s surface, fluid extraction, or soil
settlement.
Tectonic: Of or relating to the structure of the earth’s crust and the large-scale
processes that take place within it.
Tidelands: Lands which are located between the lines of mean high tide and mean low
tide.
Vulnerability: The extent to which a species, habitat, ecosystem, or human system is
susceptible to harm from climate change impacts. More specifically, the degree to which
a system is exposed to, susceptible to, and unable to cope with, the adverse effects of
climate change, including climate variability and extremes. Vulnerability is a function of
the character, magnitude, and rate of climate variation to which a system is exposed, as
well as of non-climatic characteristics of the system, including its sensitivity, and its
coping and adaptive capacity.
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EXECUTIVE SUMMARY
Humboldt Bay has the highest rate of sea level rise in California, approximately 18
inches over the last century, due to tectonic subsidence and sea level rise. Humboldt
Bay is unique in that the majority of the land surrounding the Bay is diked former salt
marsh. If the earthen dikes around Humboldt Bay are not maintained or enhanced they
may breach during extreme tides and storms or be overtopped by sea level rise. If these
dikes were to be breached thousands of acres could be tidally inundated, now. If sea
level rise is allowed to overtop these dikes, thousands of acres could be tidally
inundated as early as 2050, and certainly by 2100. Many critical assets (land uses,
developments, and resources) are located on these diked lands. Unfortunately, there is
no one entity responsible for maintaining these dikes, so they continue to protect the
lands and developments behind them. Many miles of dikes are low in elevation and with
eroding banks; these dike areas could and have recently been breached during extreme
tides and storms. Many of the assets in the City of Eureka (City) and its Planning Area
(PA) are located on low-lying ground that are vulnerable to tidal inundation by the
projected sea level rise for 2050 up to two feet and for 2100 with over five feet.
This sea level rise asset vulnerability and risk assessment will identify assets that could
be tidally inundated now if shoreline dikes are breached and by projected sea levels for
2030, 2050 and 2100. This report will describe the location and characteristics of these
assets, how they might be exposed to sea level rise impacts, when they may be
impacted, how susceptible they are to tidal inundation or salt water intrusion and
flooding, and the consequences to the community if these assets are impaired or lost.
This report assigns a priority ranking to each asset for 2050 and 2100 to facilitate the
City and community in selecting assets that they may want to develop adaptation
strategies and measures.
The broad classes of assets in the City and its PA that are vulnerable and at risk from
sea level rise by 2100 include land uses (Coastal Dependent Industrial, Industrial,
Commercial, Public, and Residential), coastal resources (agricultural lands;
environmentally sensitive habitat areas, such as marine and freshwater wetlands and
dunes; and cultural sites), utilities (waste water, drinking water, storm water, energy,
communications, and solid waste), transportation (surface, marine, air, and rail), and
open contaminated sites.
Humboldt Bay has been the subject of several sea level rise adaptation planning
projects. The City is building on these regional sea level rise adaptation planning efforts
to prepare this vulnerability and risk assessment of assets, to develop adaptation goals,
strategies, and measures for priority assets, and to update its Local Coastal Plan.
Recently prepared inundation models and maps have been used to identify what areas
might be tidally inundated, and when based on relative sea level rise projections that
have been developed for Humboldt Bay. The Coastal Conservancy’s (Conservancy)
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2012 LiDAR was also used to determine asset elevations. Existing databases of assets
(sewer lines, streets, wetlands, etc.) have been utilized to locate assets in relation to
areas that may be tidally inundated. Asset descriptions and evaluations have been
prepared, which enabled assets to be prioritized to facilitate subsequent adaptation
planning. A full discussion of each major asset class and individual assets may be found
in the Appendix.
This assessment of assets vulnerable and at risk from tidal inundation found that
protecting the diked lands will be extremely important if high priority assets are to be
protected now and from sea level rise projections for 2050. High priority assets
protected by these earthen dikes are sewer lines and lift stations that could significantly
overwhelm the City’s wastewater treatment plant, its primary drinking water
transmission lines, natural gas lines, U.S. Highway 101, Murray Field airport, streets,
commercial, and agricultural properties, State wildlife refuges and valuable coastal
wetlands and wildlife habitats. Other high priority assets in low-lying areas threatened
by projected sea levels by 2050 are commercial fishing docks and facilities and
recreational boating docks and launches. By 2100, a significant portion (80%) of the
Coastal Zone in the City could become tidally inundated threatening land uses and
developments, utilities, transportation infrastructure, coastal resources and public
access. In the PA, while only 52% of the Coastal zone could become tidally inundated
seal level rise could threaten several residential communities, regional electrical power
generation, U.S. Highway 101 and even port facilities on Humboldt Bay.
The City presented the Draft Sea Level Rise Assets Vulnerability and Risk Assessment
report to: City Council, City Departments, Humboldt County Public Works and Planning
Departments, City of Arcata Planning Department, Coastal Commission, Ocean
Protection Council, the public, and distributed the draft report to the Humboldt Bay Sea
Level Rise Adaptation Planning Group. Comments received have been addressed to
the extent possible and incorporated in this final report.
This sea level rise vulnerability and risk assessment of assets completes the first three
steps of the adaptation planning process recommended in the California Coastal
Commission’s (Commission) Sea Level Rise Policy Guidance (2015). The City is
updating its General Plan and Local Coastal Program (LCP) and it will be taking this
opportunity to develop adaptation goals, strategies, and measures for high priority
assets that are vulnerable and at risk from tidal inundation. The City does not own all
the assets that are critical to the sustainability of the City. Depending on asset location
and ownership the City may want to explore forming asset based stakeholder groups to
develop and implement adaptation strategies and measures that would protect assets
critical to the City and Humboldt Bay region.
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The City has created a sea level rise web viewer that encompasses the City and its PA,
to inform the public of which areas are potentially vulnerable and at risk from tidal
inundation and extreme floods under current tidal conditions and from sea level rise, in
1.6 foot (0.5 meters) increments up to 6.6 feet (2.0 meters).
http://www.arcgis.com/home/webmap/viewer.html?url=http%3A%2F%2Fgis.ci.eureka.ca.gov%2Fags%2
Frest%2Fservices%2FSLR_Web_App%2FMapServer&source=sd

The web viewer will be updated to depict assets that are potentially vulnerable and at
risk from tidal inundation and extreme floods.
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1. BACKGROUND
The City desires to identify which areas in its jurisdiction and PA that may be exposed to
sea level rise and when. The City would also like to assess what developments or land
uses (assets) may be vulnerable (exposed, susceptible, and unable to cope) to sea
level rise. The City is updating its General Plan to guide land use development through
2040. The Coastal Commission’s 2015 sea level rise policy guidance recommends
considering 2030, 2050 and 2100 as adaptation planning horizons. The City would like
to identify when assets may be impacted by sea level rise, particularly by 2050. The City
further seeks a risk assessment (likelihood or timing of impact and consequences to the
asset) of the effects of sea level rise on assets. Assets that are vulnerable and at risk
from sea level rise will be prioritized, based on their exposure (timing), susceptibility,
criticality (to the community), and ownership. Addressing these criteria in this
vulnerability and risk assessment will enable the City to prepare adaptation measures
and strategies that will seek to reduce the City’s priority assets’ vulnerability and risk
from sea level rise.
This report relies on the Commission’s Sea Level Rise Policy Guidance (2015) as the
definitive reference for conducting this vulnerability and risk assessment of assets in the
City and its PA. The Policy Guidance presents a six-step adaptation planning process to
address sea level rise (Figure 1). This report will address the first three steps: choose a
range of sea level rise projections relevant to Humboldt Bay, identify potential sea level
rise impacts in the City and its PA, and assess vulnerability and risk to coastal
resources and development in the City and its PA. The City will also be implementing
steps 4 and 5: identify adaptation goals, strategies and measures and drafting LCP
policy options, and drafting an update of its LCP for certification with the Commission.
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Figure 1.

Sea level rise adaptation planning process steps (CCC 2015).

This report will describe sea level rise projections, inundation areas, and shoreline data
utilized in this vulnerability and risk assessment that were derived from regional sea
level rise adaptation planning efforts on Humboldt Bay. This asset assessment is also
based on the sea level rise impact analysis prepared for the City’s General Plan
Community Background Report (ESA 2014). Essentially, this report will explain how,
when, where, and what sea level rise may impact in the City and its PA (Figure 2). The
report’s findings will help determine which assets are a priority to the City, as well as
which areas and assets are not vulnerable to sea level rise through 2100. The
methodologies for determining when and where sea level rise will impact assets are
described as are the results and conclusions of the vulnerability and risk assessment.
Individual asset assessments are presented in the Appendix, individual assets are listed
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under major asset classes: urban land uses, coastal resources, utilities, transportation
modes, and contaminated sites.

Figure 2.
Spatial boundaries for the City of Eureka (black) and it’s Planning Area (yellow)
in the unincorporated area of Humboldt County.

Assets in the City and PA are described and assessed separately, the types of sea level
rise exposure and impacts expected are identified, when impacts might occur is
projected for 2030, 2050, or 2100. The asset’s susceptibility (the degree to which an
asset is affected adversely) to the impacts is described, as is the consequence (likely
result or effect of impact) if the asset is impaired to the community. Assets are given a
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priority ranking (evaluation of exposure, susceptibility, and consequence) to facilitate the
City in its selection of assets for development of adaptation measures and strategies.
Asset ownership, whether the City, other public agencies, or private parties, is important
when considering the adaptive capacity to develop or implement adaptation measures.
Since 2010, Humboldt Bay has been the focus of regional sea level rise adaptation
planning, specifically the Conservancy funded Humboldt Bay Sea Level Rise Adaptation
Planning Project. This planning effort began with inventorying and mapping (structure,
cover, and elevation) the 102 miles of shoreline on Humboldt Bay and assigning a
vulnerability rating to the shoreline reflecting its vulnerability to erosion or overtopping
by extreme tides or projected sea level rise by 2050 (Laird and Powell 2013). The
Humboldt Bay sea level rise adaptation planning project (2013-2015) also involved
preparing relative sea level rise projections through 2100 (NHE 2014) and a sea level
rise hydrodynamic model and potential inundation maps of areas surrounding Humboldt
Bay (NHE 2015). These potential inundation maps, as GIS shapefiles and Google Earth
kmz files, are available to the public from the Humboldt Bay Harbor, Recreation and
Conservation District’s (HBHRCD) sea level rise adaptation planning project web site,
http://humboldtbay.org/humboldt-bay-sea-level-rise-adaptation-planning-project . The
Humboldt Bay sea level rise adaptation planning project also involved the formation of a
regional sea level rise adaptation planning group, with which the City and other LCP
(Humboldt County and City of Arcata) authorities and Commission staff were involved,
that produced a regional adaptation plan for Humboldt Bay (Laird 2015). These planning
efforts led the City to request and secure a grant from the Ocean Protection Council
(OPC) to address sea level rise while the City updates its Land Use Plan and LCP. In
addition, the City’s General Plan consultant prepared a sea level rise vulnerability
assessment for the City’s Community Background report (ESA 2014). This report
contains sea level rise predictions for Humboldt Bay, potential effects of rising sea
levels, and potential impacts to critical and non-critical assets essential to City functions.
The City agreed with OPC to prepare a sea level rise asset vulnerability and risk
assessment report and to develop an adaptation planning report with adaptation
strategies and measures for priority assets. In preparation of this sea level rise assets
vulnerability and risk assessment report, the City’s consultant has engaged Commission
staff and relied on the Commission’s 2015 Sea Level Rise Policy Guidance and the sea
level rise vulnerability assessment in the City’s Community Background report.
The City occupies approximately 6,010 acres above mean sea level (MSL) 3.7 feet,
North American vertical datum of 1988 (NAVD 88), and its PA occupies approximately
22,034 acres (Figure 2). All elevations in this report are NAVD 88 and measured at the
North Spit tide gage (National Oceanic and Atmospheric Agency (NOAA) Station
9418767). The hydrodynamic model of Humboldt Bay prepared in 2014 (NHE 2014b) is
the source of potential sea level rise vulnerability area predictions used to assess
vulnerability and risk in the current planning effort. The inundation maps identify
potential inundation conditions that could occur if shoreline structures are breached or
Trinity Associates 20160630
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overtopped and if nothing is done to adapt to, or prepare for sea level rise (NHE 2015).
The exposure periods that assets will be assessed are for predicted sea level rise
elevations in 2030, 2050 and 2100. Potential asset exposure in 2015, from current tidal
conditions that could render assets vulnerable and at risk, will also be assessed given
that existing shoreline structures such as dikes, and rail or road grades could be
breached or overtopped. The exposure of assets at these planning periods will be
described, the asset’s susceptibility to sea level rise exposure, and the consequence(s)
due to asset loss or impairment to the community will be discussed. Based on this
analysis, assets will be prioritized for the development of sea level rise adaptation
measures and strategy.
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2. SEA LEVEL RISE VULNERABILITY & RISK ASSESSMENT
This chapter will describe expected sea level rise impacts in the City and its PA, relative
sea level rise projections for the Humboldt Bay region, potential areas of tidal inundation
under existing tidal conditions and from sea level rise projections. and methods to
assess the vulnerability and risk that assets are likely to experience.

2.1 Sea Level Rise Impacts
Sea level rise is an effect of climate change, specifically from the warming of the
atmosphere and oceans up until now. Melting ice from areas like Greenland and
Antarctica have the potential to greatly accelerate the rate and elevations of sea level
rise, particularly after 2050. Sea levels can also increase or decrease as a result of
vertical land movement, from tectonic forces. Rising sea levels will directly affect the
shoreline and consequently adjacent lands and developments.
Rising sea level effects:








Increase the elevation of high tides as well as extreme high tides and 100-year
storms.
Cause shoreline erosion and breaching of dikes from waves, overtopping, and
slumping.
Impede stormwater runoff and floodwaters, increasing backwater flooding.
Increase the elevation of low tides and increase flooding of low-lying areas by
delaying drainage through tide gates.
Cause saltwater intrusion of adjacent aquifers or underground structures such as
sewer lines.
Increase groundwater elevations, and flooding of low-lying areas.
Expand the Bay’s tidal prism as diked former tidelands become inundated, which
could increase wave heights in the entrance channel, and affect sediment
movement in and throughout the Bay.

Flooding is the temporary wetting of an area, while tidal inundation is the permanent
wetting. Diked shorelines can and have breached under existing tidal and storm
conditions, sea level rise will increase the frequency of these breaches until dikes are
overtopped.
Sea level rise has the potential to adversely affect assets (land uses, coastal resources,
utilities, and transportation modes) located in the coastal zone of the City and its PA.
Coastal developments are vulnerable and at risk from tidal inundation, and flooding
caused by rising groundwater, stormwater runoff backwater, and increased 100-year
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flood elevations. For those developments, land uses, utilities and transportation
corridors on diked former tidelands, if these dikes are eroded or breached these assets
could be tidally inundated now. Low-lying areas are subject to saltwater intrusion, and
flooding as the capacity of drainage structures such as tide gates and culverts are
reduced by rising low tides. Saltwater intrusion of shallow agricultural wells particularly
in areas behind dikes may increase. Coastal habitats such as dunes, seasonal
freshwater wetlands may be eroded or converted while other habitats like inter-tidal
wetlands may drown if there are no physical pathways for their migration inland in
response to sea level rise. Public recreation on beaches such as Elk River Spit, and on
City and Regional trails as well as access to the Bay and Sloughs may become
impaired by shoreline erosion, tidal inundation, or flooding of boating facilities. There are
also tribal cultural resource sites located on the lands around the Bay and on islands in
the City and its PA that may become tidally inundated by 2100. Open, or un-treated
contaminated sites could become tidally inundated or flooded resulting in pollution of
waterways and degradation of water quality.
While not a sea level rise impact, shoreline erosion under the current tidal regime could
have significant consequences on Humboldt Bay in the City and its PA. The Humboldt
Bay Shoreline Inventory, Mapping, and Sea Level Rise Vulnerability Assessment
provided the first comprehensive evaluation of shoreline conditions (Laird and Powell
2013). Seventy-five percent (77 miles) of Humboldt Bay’s shoreline is artificial,
predominately consisting of earthen dikes (53%, 41 miles) and railroad beds (14%, 11
miles). These two types of linear shoreline structures were constructed between 1890
and 1915, which today, more than a century later, are approximately 1.5 feet lower
relative to current sea levels due to tectonic subsidence and global sea level rise
(Russell and Griggs 2012). The dikes were built to hold back extreme high tides around
the turn of the 20th century; those extreme high tide elevations are currently reached by
our annual maximum tides (king tides) due to sea level rise and subsidence of land in
and around Humboldt Bay (NHE 2014a). At this time, the railroad has not been used
commercially for more than two decades and much of the railroad bed has not been
maintained. This helps explain why so much of the diked and railroad beds shoreline is
currently vulnerable to overtopping by MAMW, storm surges and stormwater runoff, low
pressure systems, wind waves, and El Niño conditions.
The vulnerability of these shoreline structures is compounded by the fact that no single
entity is responsible for their improvement or maintenance. Approximately 21 miles of
shoreline composed of dikes and railroad beds are rated highly vulnerable to breaching
or being overtopped (Laird and Powell 2013; Figure 3).
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Figure 3.
An example of a diked shoreline segment rated highly vulnerable and at risk of
breaching that could tidally inundate former tidelands.

Eureka and Elk River Sloughs are in the City and its PA; they have 17.24 miles of dikes
and 9.81 miles (57%) are rated highly vulnerable. In fact, Eureka Slough has the
greatest length of dikes shoreline rated highly vulnerable on Humboldt Bay, 7.13 miles
(Figure 4). These dikes are a historical legacy that could have a profound effect, tidal
inundation of the assets behind these dikes if they are breached, which is happening
with increasing frequency on Humboldt Bay. Sea level rise will only increase the risk
posed by these dikes on protected assets, unless adaptation measures are employed to
increase their ability resiliency.
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Figure 4.
Eureka Slough shoreline vulnerability rating: high (red), moderate (yellow), and
low (green) (Laird Powell 2013).
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2.2 Sea Level Rise Projections
The City is updating its General Plan to guide land use development through 2040. The
City would like to identify when assets may be impacted by sea level rise, particularly by
2050. The National Research Council (NRC) published regional sea level rise
projections for 2030, 2050 and 2100 (2012). However, the NRC’s regional sea level rise
projections need to be modified to account for local vertical land motion on Humboldt
Bay (NHE 2015). The Commission’s sea level rise policy guidance (2015) recommends
these same time periods as sea level rise adaptation planning horizons.
There are a variety of different reference points, or tidal datums, used to measure tidal
elevation, depending on the particular tidal phase of interest and on the type of tides
present along a shoreline (NOAA 2001). A typical tidal cycle involves two high tides and
two low tides within a single cycle. On Humboldt Bay, the two high tides are not
equivalent; one is higher than the other. The same is true for the low tides. These types
of mixed tidal cycles result in tidal datums such as mean lower low water (MLLW) and
mean higher high water (MHHW). Other recognized tidal datums include mean low
water (MLW), mean sea level (MSL), mean high water (MHW, considered
representative of the shoreline), and mean annual maximum water (MAMW; Table 1).
Because sea level is expected to rise in the future in response to climate change, the
tidal datum against which sea levels are referenced should be consistent.
The Humboldt Bay Sea Level Rise Adaptation Planning Project utilized mean monthly
maximum water (MMMW 7.7 feet NAVD 88), spring tides, as the tidal base elevation to
assess shoreline vulnerability and to map areas that could be vulnerable to tidal
inundation should the existing shoreline protection be breached. While not an official
tidal datum, MMMW was selected because on Humboldt Bay, the tidal and upland
boundary is closely associated with the upper elevation of tidally influenced vegetation
on natural shorelines, and it is easy to delineate.
Table 1.
Tidal datums and their elevations for Humboldt Bay as measured at the NOAA
North Spit tide gage.
Tidal datum

Datum name

MAMW

Mean annual maximum water

Elevation
(feet, NAVD 88)
8.78

MMMW

Mean monthly maximum water

7.74

MHHW

Mean higher high water

6.51

MHW

Mean high water

5.80

MSL
MLW
MLLW

Mean sea level
Mean low water
Mean lower low water

3.36
0.91
-0.34
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Sea levels on Humboldt Bay tend to be highest in the winter months. Average annual
maximum tides occur in winter and are typically 1.0 foot higher than monthly maximums
(MMMW). In addition, El Niño events, low pressure systems, storm water runoff, and
storm surges can also add up to 1.0 foot to winter tidal elevations. In 1983, El Niño
raised tides to 9.38 feet (NAVD 88). Since 2001, we have had four years where annual
maximum tides have reached similar or greater elevations than the last El Niño event:
2001 (9.34 feet NAVD 88), 2003 (9.51 feet NAVD 88), 2005 (9.55 feet NAVD 88), and
2006 (9.49 feet NAVD 88; Figure 5). In 2006, the Governor declared a "state of
disaster" on Humboldt Bay in response to the New Year Eve 2005 annual maximum
high water elevation of 9.55 feet NAVD 88.
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Figure 5.
Annual maximum high tide elevations (king tides) at the North Spit tide gage, with
a mean monthly maximum tide elevation of 7.7 feet (NAVD 88) (red line) and mean annual
maximum tide elevation of 8.8 feet (NAVD 88) (green line).
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Currently, tidal elevations in Humboldt Bay are affected by regional sea levels and
vertical land motion trends. Water elevations will rise and possibly migrate inland when
the shoreline and inland areas subside, which could result from tectonic activity or soil
compaction. Combining sea level rise and subsidence may result in a greater net
change in water elevations than what would be experienced from sea level rise alone.
Conversely, sea level rise combined with tectonic uplift could result in no net change in
water elevation, which appears to be what is occurring at Crescent City. Since 1977,
based on the North Spit tide gage record
(http://tidesandcurrents.noaa.gov/stationhome.html?id=9418767), Humboldt Bay is
subsiding (-0.09 inches/yr.) and its average rate of relative sea level rise is 0.18
inches/year (18 inches per century), which is greater than anywhere else in California
(Patton 2014). Relative sea level rise projections have been prepared for the North Spit
tide gage from 2000 to 2100, including low and high greenhouse gas emission
scenarios (Figure 6, NHE 2014). While the Commission’s sea level rise policy guidance
recommends assessing impacts from sea level rise for: 2030, 2050, and 2100, we also
assess potential impacts for 2015 and 2070. Because the potential exists now for these
dike structures to breach or be overtopped, and most of the dikes could be overtopped
by 2070, due to a structural tipping point associated with current dike elevations.

Projected Relative Sea Level Rise (MMMW)
6
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Figure 6.
Relative sea level rise projections for four planning horizons (2030, 2050, 2070,
and 2100), including low and high greenhouse gas emission scenarios (NHE 2014).
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The difference between low and high projections for relative sea level rise are: 0.47 feet
in 2030, 1.16 feet in 2050, 2.06 feet in 2070, and 3.27 feet in 2100. The range (low to
high) of relative sea level rise projections for MMMW in 2030 (8.17 feet to 8.64 feet
NAVD 88), which is within the current range of (MMMW 7.74 feet and MAMW 8.78 feet
NAVD 88) tidal elevations experienced on monthly and yearly basis on Humboldt Bay.
Sea level elevations that exceed what currently occurs on Humboldt Bay are expected
to occur on a monthly basis by 2050 when the high projection for MMMW could be 9.6
feet (NAVD 88), nearly a foot higher than the current MAMW and higher than the
maximum water elevation of record (9.5 feet NAVD 88 in 2005). Again, that extreme tide
of 9.55 feet resulted in the Governor declaring a state of emergency on Humboldt Bay.
The dominant shoreline structures on Humboldt Bay are 41 miles of earthen dikes, of
which 21 miles (51%) are less than or equal to 9.7 feet (NAVD 88) in elevation and have
been rated highly vulnerable to overtopping by sea level rise. The high projection for
MAMW may reach 9.7 feet (NAVD 88), a tipping point for dike structures, by 2030, and
MMMW may reach this elevation by 2050 under the high projection. It is important to
note that the majority of these dike structures are at risk now from a 100-year storm
event (9.99 feet NAVD 88), and may be potentially vulnerable from MAMW between
2030 and 2050, and to MMMW between 2050 and 2070. Therefore, this report takes a
precautionary approach to sea level rise projections and utilizes the high projection for
each planning period to identify areas that are potentially vulnerable and at risk from
sea level rise (Principle #4 CCC 2015). However, it should be noted that using the low
projections would reduce the areas encumbered by sea level rise hazard zone
restrictions on development. Extreme events, if they occur, as they only have 1%
probability of occurring any year, may result in shoreline erosion and flooding much
sooner than from even high projections of sea level rise (Figure 7). In the long-term, by
2100, nearly all of the dikes, based on current conditions, on Humboldt Bay could be
overtopped by 13 to 14 foot MMMW and MAMW tides.
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High Projection Sea Level Rise and Extreme Event
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Figure 7.
Relative sea level rise estimations for high greenhouse gas emission scenario for
mean monthly maximum water (spring tides), mean annual maximum water (king tides), and
100-year extreme storm events (NHE 2014).

2.3 Sea Level Rise Inundation Areas
Northern Hydrology Engineers (NHE) has prepared potential inundation maps of the
area surrounding Humboldt Bay (NHE 2014, 2015). In the urban core of the City there is
a significant expansion in the scope of the sea level rise hazard zone based on potential
tidal inundation by 2050 versus 2100 (Figures 8 and 9). Whereas, in the two low-lying
alluvial areas of Eureka Slough and Elk River Slough there is essentially no expansion
of the sea level rise hazard zone between 2050 and 2100 (Figures 10 and 11). There is
an expansion of the sea level rise hazard zone from 2050 to 2100 in King Salmon and
Fields Landing communities (Figure 12). Actually, there is very little difference in what
would be the tidal inundation area in these Slough areas for 2015 versus 2050 if the
dikes are breached (Figure 13).
Unfortunately, planners and engineer/scientist often use different units of measure. Sea
level rise planning documents generally refer to sea level rise in feet while
engineers/scientist create models and maps are likely to use meters. This planning
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report will rely on English units of measure and offer metric conversions to feet to
facilitate the public’s understanding of the information presented.

Figure 8.
Potential tidal inundation area in the City’s urban core for the high relative sea
level rise projection for 2050 (9.64 feet NAVD 88), and City’s boundary (black line) (NHE 2014).

Trinity Associates 20160630

15

Figure 9.
Potential tidal inundation area in the City’s urban core for the high relative sea
level rise projection for 2100 (13.1 feet NAVD 88), and City’s boundary (black line) (NHE 2014).
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Figure 10.
Potential tidal inundation area in the Eureka Slough area now if dikes are
breached and for the high relative sea level rise projection for 2050, and City’s boundary (black
line) and its PA (yellow line) (NHE 2014).
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Figure 11.
Potential tidal inundation areas in the Elk River Slough area now if dikes are
breached and for the high relative sea level rise projection for 2050, and City’s boundary (black
line) and its PA (yellow line (NHE 2014).
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Figure 12.
Potential tidal inundation areas in the King Salmon and Fields Landing
community areas for the high relative sea level rise projections for 2050 (dark blue) and 2100
(light blue), and the PA boundary (yellow line (NHE 2014).
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It is important to note that these inundation maps assume there are no artificial
shoreline structures, such as dikes, railroad and/or road grades, and the limits of
inundation being delineated is based on 2012 surface elevations. For example,
compare the current tidal inundation area with shoreline structures intact along EurekaFreshwater-Fay Sloughs to the projected tidal inundation areas for 2015 that potentially
could be tidally inundated but only if the shoreline structures are breached or
overtopped, again, these areas are not presently inundated (Figure 13).
The vulnerability of these diked former tidelands and the assets located on them today
to tidal inundation is the result of a historical legacy of diking off these areas around
Humboldt Bay, not due to sea level rise. However, if these dike structures are
maintained at their current elevations, they are projected to be overtopped by water
levels that approach 10.0 feet (NAVD 88), whether the result of current extreme 100year storms (10.0 feet NAVD 88), or seal level rise projection for MAMW in 2030 (9.68
feet NAVD 88) or MMMW by 2050 (9.64 feet NAVD 88). Again, until these dikes are
overtopped or breached now, sea level rise is not projected to overtop these dikes
before 2030 based on the high projections for MAMW or 2050 for MMMW.
Inundation maps were produced, ignoring that there are shoreline structures, to
illustrate what could be inundated by current MMMW (7.74 feet NAVD 88) and MAMW
(8.78 feet NAVD 88) and extreme 100-year storm event (9.99 feet NAVD 88), and for
water elevations increasing at half meter (1.6 feet) intervals up to 2.0 meters (6.6 feet).
These inundation maps were then used to identify potential tidal inundation areas for
MMMW at specific planning horizons: in 2015 (if shoreline structures are compromised),
and high projections of MMMW elevations in 2030, 2050, and 2100. In some areas,
critical inundation thresholds for shoreline structures are reached when water elevations
rise above 10 feet (NAVD 88), which is approximately the high projection for MMMW
(10.9 feet NAVD 88) by 2070; therefore, projected MMMW for 2070 is presented for
some assets. Inundation maps for MMMW (7.7 feet NAVD 88) represent potential
“current” conditions, depicting areas that are vulnerable if shoreline structures are
breached or overtopped. Maps depicting potential tidal inundation by MAMW are
equivalent to 0.9 feet of projected sea level rise (again without shoreline structures) and
were used to depict areas potentially vulnerable during MMMW in 2030 (8.6 feet NAVD
88). Maps depicting areas inundated by 0.5 meters (1.6 feet) were used to delineate
areas potentially vulnerable to 1.9 feet of sea level rise during MMMW in 2050 (9.6 feet
NAVD 88). Maps for 1.0 meters (3.3 feet) were used to depict areas potentially
vulnerable with 3.2 feet of sea level rise during MMMW in 2070 (11.0 feet NAVD 88).
Maps of 1.5 meters (4.9 feet) were used to depict areas potentially vulnerable with 5.4
feet of sea level rise during MMMW by 2100 (13.1 feet NAVD 88). The potential
inundation maps for 2100, actually depict 0.5 feet less of sea level rise than the high
projection but they are the nearest representation available for the 5.4 feet sea level rise
projection.
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Figure 13.
Area currently tidally inundated by mean high water with dikes intact (top) versus
potential tidal inundation area by mean monthly maximum water if dikes are breached (bottom).
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As described previously, low-lying former tidelands that were separated from Humboldt
Bay more than a century ago by the construction of dikes and railroad grade are
potentially vulnerable now to tidal inundation by extreme tides, 100-year storms, El Niño
events, and in the future sea level rise due to existing conditions of shoreline structures.
In the City and its PA, there are approximately 26 miles of highly (actively eroding and
elevation less than 10 feet NAVD 88) vulnerable shoreline structures: dikes and railroad
grade. If these highly vulnerable shoreline structures are breached, the current tidal
inundation footprint of Humboldt Bay could expand by 52% (8,918 acres) (Figure 14).
Due to topographic constraints around Humboldt Bay, after the protective artificial
shoreline ceases to function due to breaching, sea level rise could incrementally
increase the tidal footprint an average of 1,512 acres for each 0.5 meter (1.6 foot) rise in
tide elevation, cumulatively 29% by 2100.

Figure 14.
Percent cumulative increase in Humboldt Bay’s footprint as a result of shoreline
failure and sea level rise. Existing conditions reflects potential vulnerability if artificial shoreline
structures were compromised.

Trinity Associates 20160630

22

The City is located on a marine terrace, which historically was covered by redwood
forest, between two low-lying tidal/freshwater alluvial areas: Eureka Slough and
Freshwater Creek to the north and Elk River and Slough to the south. Historically, these
low-lying alluvial areas were predominately salt marsh with a network of tidal channels.
In the City, the waterfront area west of Broadway Avenue and A Street was also
historically salt marsh and windblown sand deposits overlaid on tidal mudflats or salt
marsh (USDA 1925) (Figure 15). Today these former regions of salt marsh and lowlying sand deposits behind protective shoreline structures are potentially vulnerable now
and at risk from tidal inundation as a result of sea level rise.

Figure 15.
In the City of Eureka, much of the waterfront area west of Broadway Avenue and
north of Elk River was historically low-lying zones of inter-tidal wetlands and windblown sand
deposits overlaid on tidal mudflats or salt marsh. Soil types include salt marsh (Tm), diked salt
marsh (Cc), windblown sand deposits (W), and marine terrace (Ef) (Soil Survey USDA 1925).

In the PA, on the North Spit there is an open coast with beaches, dunes that are also
vulnerable to and at risk from extreme storm events and future sea level rise. The
inundation modeling produced for areas surrounding Humboldt Bay does not include
Trinity Associates 20160630
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open coast areas. Therefore, this report does not address shoreline conditions, or sea
level rise impacts to assets on the open coast.

2.4 Asset Vulnerability & Risk Assessment
This sea level rise assets vulnerability and risk assessment report describes assets in
the City and its PA that are located in areas that are potentially vulnerable and at risk
from tidal inundation by the high projection for MMMW elevation of 13.1 feet (NVAD 88)
by 2100 (Figure 16).

Figure 16.
City of Eureka (black), its Planning Area (yellow) in the unincorporated area of
Humboldt County, and area potentially vulnerable to tidal inundation (13.1 feet NAVD 88) by
2100 (blue).
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Coastal hazard assessments can occur at many scales: regional, city-wide, or parcel
specific. This report provides an assessment of assets vulnerability and risk from sea
level rise of the City and its PA. This scale of assessment is useful to inform updates to
the City’s and County’s LCP to address sea level rise vulnerability, risk, and adaptation.
Ultimately, assessment of asset vulnerability and risk from sea level rise may be
necessary for individual developments that would utilize site-specific surface elevations,
identify individual pathways for tidal inundation and flooding, and if appropriate calculate
100-year storm wave run-up elevations. Understanding site-specific conditions will
facilitate developing site-specific adaptation standards for buildings and other
developments.
This report treats sea level rise, or tidal inundation, as a permanent condition and
flooding from extreme events (100-year stillwater elevation) as a temporary hazard that
has a 1% probability of occurring in any year. Both tidal inundation and flooding are
expected in the City and its PA in response to sea level rise, mainly via shoreline
structures breaching or overtopping, backwater effects in tributaries draining to
Humboldt Bay, reduced efficiency of shoreline water control structures, and rising
ground water. The primary impacts from sea level rise in the City and its PA will be
flooding and tidal inundation, which indirectly would be caused by erosion and
overtopping of shoreline structures that serve as barriers to tidal inundation of lands
interior to the shore. We recognize that current high tides (MHHW, MMMW, and
MAMW), storms, and extreme 100-year events in any combination are likely to cause
shorelines structures to breach by erosion or overtopping, resulting in flooding of lowlying areas prior to sea level rise. Rising tides and extreme events can also cause
backwater effects in channels that discharge to the bay, resulting in flooding of lands
adjacent to the channels and upstream. The potential inundation maps used in this
report do not depict areas that are vulnerable to flooding as a result of backwater effects
from sea level rise. Rising sea levels will also increase low tide elevations (MLLW and
MLW), which can reduce the efficiency of existing drainage structures, such as tide
gates, causing lands behind dikes in the rainy season to remain flooded longer or to
become tidally inundated. Depending on the elevation of the ground water in relation to
surface elevations and distance from the shoreline, sea level rise could cause ground
water to rise to the surface, resulting in longer periods of flooding. Lastly, rising sea
levels could cause salt water intrusion into freshwater aquifers or underground
structures such as sewer lines.
The assessment of asset vulnerability and risk to sea level rise also builds on the
preliminary assessments of the City’s infrastructure, assets, and services found in the
General Plan Community Background Report (ESA 2015). This assessment report
addresses assets located in both the City and its PA. Asset descriptions will identify
whether the asset is owned by the City, another public entity, or is privately owned. The
function and services provided by the asset will be described. The location of the asset
and its general surface elevation derived from 2012 LiDAR will be identified. The asset's
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exposure to sea level rise will be described as to the type and mode of hazard or impact
expected, and timing (e.g., 2015, 2030, 2050, 2070, and 2100) of when the asset is
projected to be impacted. The asset’s susceptibility to the impact and the consequence
(criticality) of the loss or impairment of the asset to the City will also be evaluated. Each
asset will be prioritized for the 2050 and 2100 planning horizons based on: the criticality
of the asset to the City, its timing of exposure, and susceptibility to expected impacts.
Not all assets are as equally important to the well-being and sustainability of a
community like the City; some are more critical than others. An important criterion in
evaluating the priority of an asset is its significance to the well-being of the community;
how critical is the asset or its services to the community. Assessing consequence
considers the level of damage, length of time service would be disrupted, and the cost
to repair or replace the asset and the secondary economic and social impacts of the
asset being disabled. Assessing age, condition, and materials of an asset would also
helpful in determining the consequence of asset impairment or failure. But an asset’s
criticality to the community, while important when prioritizing assets, the degree and
timing of their exposure to sea level rise needs to be considered as well as to what
degree would the asset be adversely affected by sea level rise impacts.
Broadly speaking, there are two types of assets at risk from sea level rise: those assets
located underground versus those located above ground. Generally, underground
assets will be at risk earlier from sea level rise via tidal inundation, rising ground water,
and salt water intrusion than most assets above ground, with the exception of current
shoreline structures such as dikes and those assets located behind dikes on former tide
lands. Diked former tide lands have compacted as much as two to three feet over the
last century and are very prone to flooding by rising ground water, stormwater runoff,
and rising tides that reduce drainage capacity of water control structures such as dikes
and culverts. Further, it is important to note that most of the underground assets are
utilities whose functions and services are essential to sustaining above ground
developments and land uses, regardless of whether the above ground assets are
presently vulnerable to or at risk from sea level rise or flooding.
The assets in the City and its PA that are located in areas that are vulnerable and at risk
from sea level rise by 2100 have been grouped into four broad classes: Land uses,
coastal resources, utilities, and modes of transportation; a 5th class has been created for
open contaminated sites, not really an asset as defined (land use, development and
resource) but a hazardous condition and liability in need of remediation to protect public
health and water quality. Contaminated sites that have been treated are not considered
in this assessment. These asset classes are further stratified into discrete asset types
composed of individual assets. For example, in the transportation asset class there are
four modes or types of assets: surface, marine, air, and rail, and the surface
transportation asset includes local streets, state and federal highways.
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1. Land uses
o Coastal Dependent Industrial
o Industrial
o Commercial
o Public
o Residential
2. Coastal resources
o Agricultural lands
o Environmentally sensitive habitat areas: Marine and freshwater wetlands, and
dunes
o Cultural sites
3. Utilities:
o Waste water
o Drinking (Municipal) water
o Storm water
o Energy
o Communications
o Solid waste
4. Transportation
o Surface
o Marine
o Air
o Rail
5. Contaminated sites
o Open-untreated
A detailed assessment of these assets is contained in the Appendix, with the exception
of cultural resources which is not being published in this report.
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3. ASSESSMENT RESULTS
3.1 Asset Vulnerability and Risk Assessment
As has been described previously, in the City and PA, there are assets, particularly
infrastructure whose functions are essential to the City that are vulnerable and at risk
now under current tidal conditions (MMMW 7.7 feet and MAMW 8.8 feet NAVD 88) and
from extreme 100-year events (10.0 feet NAVD 88) if protective shoreline structures
such as dikes are compromised (breached or overtopped). It is important to remember
that the high water elevation of record on Humboldt Bay (2005) is 9.5 feet (NAVD 88).
Because by 2050, predicted monthly maximum tide elevations (MMMW high projection
to 9.6 feet NAVD 88) may exceed the current high water elevation of record and
approach today’s 100-year storm event elevation, and the annual maximum tide
elevations (MAMW high projection to 10.7 feet NAVD 88) may exceed it. The 100-year
event (stillwater) elevation is also going to increase by 2050 potentially to 11.8 feet
(NAVD 88). By 2100, MMMW could rise to 13.1 feet (NAVD 88) under the high
projection and the 100-year storm event could be 15.2 feet (NAVD 88).
The NHE’s inundation maps of areas surrounding Humboldt Bay, identify which areas in
the City and its PA are potentially vulnerable at various water elevations. GIS databases
of asset locations obtained for this assessment were used to identify which assets (land
uses, developments and resources) are located in areas potentially vulnerable to
inundation. Utilizing inundation maps, high relative sea level rise projections, and asset
location files this assessment was able to determine when and how much of an asset
might be exposed to tidal inundation. A summary of the results of the exposure
assessment of assets in the City’s jurisdiction for 2050 and 2100 are presented in Table
2, and for the PA in Table 3. The amount of exposure that an asset may experience
from tidal inundation in 2050 and 2100 are expressed as a percentage of the total asset.
While it is important to know what is potentially vulnerable and at risk from sea level rise
it is also very useful to be aware of what is not vulnerable, which is also presented in
these tables under the “not inundated” heading. For planning purposes, it will be useful
to know how much of the projected impact to an asset by 2100 might occur by 2050.
For example, by 2100 80% of the Coastal Zone in the City may be inundated, but 71%
of the Coastal Zone that is vulnerable could be tidally inundated as early as 2050.
City of Eureka
The results of the vulnerability and risk assessment for the high projection of sea level
rise by 2050 indicate that the extent of tidal inundation of urban land use zones in the
City is not significant (30% or less) (Table 2). Although 63% of the public facility zoned
lands (golf course, airport, and marina) that may ultimately be vulnerable to tidal
inundation by 2100 could be tidally inundated as early as 2050. Urban land use
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developments are supported by a multitude of utilities and infrastructure that are in turn
themselves vulnerable and at risk from sea level rise. It is important to consider utilities
and infrastructure vulnerability and risk when assessing impacts to urban lands and
developments. By 2050, the regional waste water collection system and therefore the
waste water treatment facility that supports urban land uses could start experiencing
inflow/salt water intrusion impacts when 22% (11 of 51) of the lift stations and 6% of the
sewer lines may become tidally inundated. Any impairment of the wastewater collection
system and/or the wastewater treatment facility could potentially affect nearly all
development in the City and in Humboldt Community Service District, which shares use
of the treatment plant. Wastewater infrastructure is critical to an urban community and
represents a significant capital investment. Approximately 2.4 miles of the City’s
municipal water transmission lines and its booster station are located in the PA on diked
former tide lands that could be tidally inundated now if the dikes protecting them are
breached or overtopped and by 2050 from the high projection for MMMW (9.64 feet
NAVD 88) and MAMW (10.68 feet NAVD 88) overtopping these dikes. While the
municipal water lines may continue to function if they are tidally inundated, maintenance
and emergency repairs will be significantly more difficult and expensive in a tidal water
environment. With the storm water system there are 17 tide gates in the City that unless
modified may not be functioning by 2050 with 1.9 feet of projected sea level rise,
potentially resulting in stormwater flooding 1,460 acres. By 2050, nearly all (93%) of the
underground gas lines in the City may be tidally inundated, again while they may
continue to function their maintenance and emergency repairs may become significantly
more difficult and expensive. The only operating bulk fuel terminal for the City and
Humboldt Bay region is located on the shoreline of Humboldt Bay and may need
additional protection by 2050 when MMMW could reach 9.6 feet (NAVD 88) and MAMW
10.7 feet (NAVD 88). However, the electrical distribution infrastructure and solid waste
facilities in the City are projected to not be impacted by sea level rise by 2050.
Communications infrastructure such as underground optical fiber lines could have 35%
of their lines in the City tidally inundated while just 12% of the electrical transmission
towers could be tidally inundated by 2050.
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Table 2.
Summary of assets potentially vulnerable and at risk from sea level rise in City of
Eureka to high relative sea level rise projections for 2050 and 2100, assets not vulnerable, and
the percent of assets impacted by 2050 versus what may be impacted by 2100.
City of Eureka
Coastal Zone
City of Eureka above MSL in CZ (acres)
Urban Zones
Coastal Dependent Industrial (acres)
Industrial (acres)
Commercial (acres)
Public (acres)
Residential (acres)
Coastal Resources:
Agricultural Lands (acres)
ESHAs‐Marine Wetlands (acres)
ESHAs‐Freshwater Wetlands (acres)
ESHAs‐Dunes (acres)
Waste Water:
Lift Station
Sewer Line (miles)
Manhole Cover
Domestic Water:
Transmission Line (miles)
Pump‐Booster Stations
Storm Water:
Tide Gates (number)
Inundation Area (acres)
Energy:
Gas Line (miles)
Electric Sub‐Stations (number)
Bulk Fuel Terminal (number)
Communications:
Optical fiber line (miles)
Communications Towers (number)
Solid Waste Station
Surface Transportation:
U.S. Highway 101 (miles)
State Highway 255 (miles)
Streets (miles)
Marine Transportation:
Industrial Docks and Property (number)
Commercial (number)
Recreational (number)
Air Transportation:
Murray Field Airport (number)
Rail Transportation:
Railroad Grade (miles)
Contaminated Sites:
Untreated contaminated sites (number)
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Total
2,454

Inundated by 2050 Inundated by 2100
Units Percent Units Percent
1394
57%
1974
80%

Not Inundated
Units Percent
480
20%

2050 vs
2100
71%

122
179
751
735
2,888

37
47
117
132
0

30%
26%
16%
18%
0%

113
172
321
208
0

93%
96%
43%
28%
0%

9
7
430
527
2888

7%
4%
57%
72%
100%

33%
27%
36%
63%
0%

619
3,212
519
1,076

546
371
498
26

88%
12%
96%
2%

569
378
513
47

92%
12%
99%
4%

50
2834
6
1029

8%
88%
1%
96%

96%
98%
97%
55%

22
120.9
1,541

4
7.4
54

18%
6%
4%

10
17.8
76

45%
15%
5%

12
103.1
1465

55%
85%
95%

40%
42%
71%

0
1

0
0

0%
0%

0
1

0%
100%

0
0

0%
0%

0%
0%

17
N/A

17
1460

100%
N/A

17
2120

100%
N/A

0
N/A

0%
N/A

100%
69%

5.6
2
1

5.2
0
1

93%
0%
100%

6.0
2
1

107%
100%
100%

0
0
0

‐7%
0%
0%

87%
0%
100%

6.2
21

0.1
1

2%
5%

2.7
5

44%
24%

3.5
16

56%
76%

4%
20%

1

0

0%

1

100%

YES

0%

0%

6.2
1.4
142.2

0.0
0.1
3.5

0%
7%
2%

2.4
0.3
12.2

39%
21%
9%

3.8
1.1
130.0

61%
79%
91%

0%
33%
29%

5
8
8

1
3
8

20%
38%
100%

5
7
8

100%
88%
100%

0
1
0

0%
13%
0%

20%
43%
100%

1

1

100%

1

100%

0

0%

100%

7.3

1.3

18%

4.7

65%

2.6

35%

28%

50

4

8%

23

46%

27

54%

17%
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Surface transportation may just be starting to be impacted by 2050 with the high
projection for sea level rise of 1.9 “feet,” approximately 3.5 miles (2%) of City streets
could become tidally inundated. Highway 255 might have a 0.1-mile segment between
bridges become tidally inundated by 2050, while there should be no areas on U.S.
Highway 101 in the City that are tidally inundated. Most (80%) of the industrial bulk
cargo docks and lands should not be affected by sea level rise in 2050, but 38% of the
commercial docks on the City’s waterfront could be tidally inundated. The piers
anchoring the recreational boating docks in the City, which provide valuable public
access to the Bay may need to be extended by 2050 as potentially 1.9 feet of sea level
rise could float most of the docks off during MMMW or MAMW tides. The County’s
Murray Field airport is vulnerable and at risk from tidal inundation now if the protective
shoreline dikes on Eureka and Fay Sloughs are breached and from tidal inundation by
2050 that may overtop dikes on Fay Slough. There are 1.3 miles (18%) of the railroad
grade in the City that could be tidally inundated by 2050.
There are four (8%) untreated contaminated sites in the City that are vulnerable and at
risk from tidal inundation by 2050.
The majority of the agricultural lands in the City are currently protected from tidal
inundation, flooding, and potentially future sea level rise by a network of earthen dikes.
However, a significant portion (96%) of the agricultural lands that may be inundated by
2100 could be inundated as early as 2050. The agricultural lands behind these dikes
are former tidelands, and they have compacted, as much as three feet, over the last
century since they were isolated from the daily inundation of the tides. As a result, many
of these agricultural lands are also protected seasonal freshwater wetlands and wildlife
habitat, 97% of these wetlands and habitat in the City are potentially vulnerable and at
risk from sea level rise by 2100 but could be tidally inundated as early as 2050. There is
also a significant dune ecosystem in the City on Elk River Spit, the majority 96% of this
habitat should not be inundated by sea level rise, although shoreline erosion will likely
increase. There are cultural Wiyot sites located in the City in areas that are vulnerable
and at risk from projected sea level rise. Based on projected MMMW elevations only
one site is of concern by 2050. Information on these cultural sites is available from the
City or Wiyot Tribe on request.
In 2012, the City opened its Hikshari Trail along the shoreline from Elk River Slough
north to Truesdale Avenue. The City is actively engaged in extending Eureka’s
Waterfront Trail north (Phase A & B) to tie in with its existing waterfront Boardwalk and
on north to Eureka Slough (Phase C). The City’s trails are considered ancillary
developments with a life expectancy of approximately 25 years. The City’s designs for
its Waterfront Trail would place it at or above 10.0 elevation (NAVD 88) above the high
projection for 2050 (9.64 feet NAVD 88). Portions of the existing Hikshari trail could be
tidally inundated by 2050 if these sections are not elevated during maintenance or
reconstruction activities over the 25-year design life (2037) of the trail.
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Ultimately the City’s Waterfront Trail would merge with the Regional California Coastal
Trail that is being developed along the eastern shoreline of Humboldt Bay between
Eureka and Arcata. The exposure assessment for the NWP railroad in the City and its
PA indicates that this reach of railroad grade along the eastern shoreline of the Bay is
vulnerable and at risk from tidal inundation and wave induced erosion by 2050. Design
of the regional trail should account for high projections of sea level rise by 2050 and
beyond depending on the design life of this trail segment.
By 2100, the number of assets in the City that are vulnerable and at risk to the high
projection for sea level rise (5.4 feet) increases significantly. The Coastal Zone
encompasses both urban and rural areas, and fully 80% may be tidally inundated by
2100. As much as 93% of the Coastal Dependent Industrial and 96% of the Industrial
lands and developments could be tidally inundated. Approximately 35% of sewer lift
stations and 14% of the sewer lines that serve the wastewater treatment facility may be
tidally inundated. This level of impact could overload the collection and treatment
system and cause a breakdown of the treatment process. By 2100, the shoreline dikes
in the City are likely to have been overtopped by the high projection for sea level rise of
13.1 feet (NAVD 88) for MMMW and 14.1 feet (NAVD 88) for MAMW. Most of the diked
former tidelands in the City are agricultural lands (92%) and freshwater wetlands or
ESHA (99%). If dikes protecting these lands and wetlands have not already breached,
they are likely to become tidally inundated between 2050 and 2100 when the dikes
could be overtopped, along with those assets located on the diked lands: 38% of the
municipal water transmission lines, both municipal water booster pump stations, 100%
of the gas lines, and 39% of Highway 101. The two electrical sub-stations in the City
may be inundated by 2100 based on the high projection for sea level rise. Underground
optical fiber lines and communications towers are located in areas that may limit tidal
inundation by 2100, affecting just 2.7 miles of the fiber lines and five communications
towers. Portions of Highway 255 could be tidally inundated and 12 miles of City streets.
All of the bulk cargo docks and adjoining properties except one CDI parcel owned by
the City, as well as local streets servicing these waterfront properties are projected to be
tidally inundated, along with 88% (7 of 8) commercial fishery docks and facilities are
projected to be tidally inundated. There could be 4.7 miles of railroad grade that are
tidally inundated. As much as 46% (23) of the currently untreated contaminated sites
may become tidally inundated.
Planning Area
In the City’s PA, as much as 48% (4,852 acres) of the Coastal Zone may not be
inundated by 2100, but 77% of the area that ultimately may be tidally inundated could
be as early as 2050 (Table 3).
Looking at potential tidal inundation of urban land use zones in the PA by 2050 we see
that much less than half of urban zone areas are vulnerable and at risk: 12% of Coastal
Dependent Industrial, 17% of the Industrial, 22% of commercial and 35% of commercial
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recreation, and just 8% of public facility zoned land are vulnerable and at risk. But by
2050, while only 4% of the residential lands could be tidally inundated, that represents
as much as 262 acres of mostly disadvantaged communities that are vulnerable and at
risk from tidal inundation. Similar to the City, urban land use developments in the PA are
supported by a multitude of utilities and infrastructure. The waste water collection
system in the PA will be impacted by tidal inundation: 7 lift stations and 4 miles of sewer
line could be inundated by 2050 increasing to 8 lift stations and 7.5 miles of sewer line
by 2100. Any impairment of the wastewater collection system and/or the wastewater
treatment facility could potentially affect development throughout the HCSD, which
shares use of the treatment plant with the City. The City’s two municipal water
transmission lines traverse diked former tidelands in the PA and City’s sole pumpbooster station is also located on diked lands that may be tidally inundated by 2050
when the dikes are projected to start being overtopped by high projections for MMMW
of 9.64 feet (NAVD 88) and MAMW of 10.68 feet (NAVD 88). In fact, if these protective
dike shorelines are compromised now, the land that these water lines traverse would
become tidally inundated. HCSD has three municipal wells; one could become tidally
inundated by 2050 while the other two are above the high projection for sea level rise by
2100 of 13.1 feet (NAVD 88).
In the PA, there are 26 tide gates that may need to be modified by 2050 if two feet of
sea level rise occurs, potentially resulting stormwater flooding affecting 4,270 acres.
There are approximately 14 miles of underground gas lines in the PA that may be
inundated by 2100, 86% of which could be inundated by 2050 or sooner if protective
shoreline dikes are compromised. One out of three electrical sub-stations, and more
significant to the Humboldt Bay region, the Humboldt Bay Generating Station in the PA
may be tidally inundated by 2100 based on the high projection for sea level rise of 13.1
feet (NAVD 88). Underground optical fiber lines and communications towers in the PA
are located in areas that based on their surface elevations may limit tidal inundation by
2050 to just 1.9 miles of the fiber lines and two communication towers, however by 2100
that may increase to 3.5 miles of the fiber lines and three towers. In the PA, 7.7 miles of
local roads and 1.9 miles of U.S. Highway 101 may be inundated by 2050, by 2100
nearly 17.6 miles of local roads, and again of regional importance 3.4 miles of U.S.
Highway 101 that traverses diked lands may become tidally inundated. By 2100, only
two industrial docks and adjacent lands may be inundated while three docks (60%) on
the Samoa Peninsula are predicted to not be inundated. However, two of the five
commercial fishing fleet docks and facilities in the PA may experience inundation by
2050 and four (80%) by 2100. Two of the three recreational boat launches in the PA
could be tidally inundated by 2050, and all by 2100.
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Table 3.
Summary of assets potentially vulnerable and at risk from sea level rise in the
Planning Area to high relative sea level rise projections for 2050 and 2100, assets not
vulnerable, and the percent of assets impacted by 2050 versus what may be impacted by 2100.
Planning Area
Coastal Zone
Planning Area above MSL in CZ (acres)
Urban Zones
Coastal Dependent Industrial (acres)
Industrial (acres)
Commercial (acres)
Commercial Recreation (acres)
Public (acres)
Residential (acres)
Coastal Resources:
Agricultural Lands (acres)
ESHAs‐Marine Wetlands (acres)
ESHAs‐Freshwater Wetlands (acres)
ESHAs‐Dunes (acres)
Waste Water:
Lift Station (number)
Sewer Line (miles)
Domestic Water:
Transmission Line (miles)
Pump‐Booster Stations (number)
Municipal Wells (number)
Storm Water:
Tide Gates (number)
Inundation Area (acres)
Energy:
Gas Line (miles)
Electric Sub‐Stations (number)
HB Generating Station (number)
Communications:
Optical fiber line (miles)
Communications Towers (number)
Surface Transportation:
U.S. Highway 101 (miles)
State Highway 255 (miles)
Streets (miles)
Marine Transportation:
Harbor‐Jetties (miles)
Industrial Docks and Property (number)
Commercial (number)
Recreational (number)
Air Transportation:
Samoa Field Airport (number)
Rail Transportation:
Railroad Grade (miles)
Contaminated Sites:
Untreated contaminated sites (number)
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Total
10,199

Inundated by 2050 Inundated by 2100
Units Percent Units Percent
4092
40%
5347
52%

Not Inundated
Units Percent
4852
48%

2050 vs
2100
77%

975
587
240
220
370
6,522

121
99
53
76
13
262

12%
17%
22%
35%
4%
4%

418
158
60
94
31
378

43%
27%
25%
43%
8%
6%

557
429
180
126
339
6144

57%
73%
75%
57%
92%
94%

29%
63%
88%
81%
42%
69%

4,675
3,732
3,078
2,101

2,007
458
2,615
30

43%
12%
85%
1%

2,164
469
2,752
58

46%
13%
89%
3%

2511
3263
326
2043

54%
87%
11%
97%

93%
98%
95%
52%

29
65.6

7
3.8

24%
6%

8
7.5

28%
11%

21
58.1

72%
89%

88%
51%

6.3
4
3

2.4
1
1

38%
25%
33%

2.4
1
1

38%
25%
33%

3.9
3
2

62%
75%
67%

100%
100%
100%

26

26
4,270

100%
N/A

26
5,700

100%
N/A

0
N/A

0%

100%

23.2
3
1

8.3
0
0

36%
0%
0%

9.7
1
1

42%
33%
100%

13.5
2
0

58%
67%
0%

86%
0%
0%

5.5
17

1.9
2

35%
12%

3.5
3

64%
18%

2.0
14

36%
82%

54%
67%

5.5
0.5
162.7

1.9
0
7.7

35%
0%
5%

3.4
0.03
17.6

62%
6%
11%

2.1
0.5
145.1

38%
94%
89%

56%
0%
44%

3.00
5
5
3

0.2
0
2
2

7%
0%
40%
67%

2.15
2
4
3

72%
40%
80%
100%

0.9
3
1
0

28%
60%
20%
0%

9%
0%
50%
67%

1

1

100%

1

100%

0

0%

100%

5.1

2.0

40%

3.7

73%

1.4

27%

54%

12

1

8%

6

50%

6

50%

17%
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The City’s Samoa Field Airport is located in the PA and it could become partially
inundated as early as 2050 based on the high projection for sea level rise of 9.64 feet
(NAVD 88). While there is a railroad grade paralleling the Bay in the PA, it is no longer
used commercially or maintained, but 82% or 3.7 miles of the railroad could be tidally
inundated by 2100, with two miles that could be inundated as early as 2050. There are
12 untreated contaminated sites in the PA, half (6) could be tidally inundated by 2100,
and just one by 2050.
The agricultural lands in the PA are also protected from tidal inundation, flooding and
potentially sea level rise by a network of earthen dikes. A host of underground utilities
(sewer lines, municipal water lines, and gas lines) that serve development in the City
and PA also traverse these lands behind dikes. A significant portion (93%) of the
agricultural lands in the PA that could be tidally inundated by 2100 may be inundated as
early as 2050. The agricultural lands behind these dikes are former tidelands, and they
have compacted, as much as three feet, over the last century since they were isolated
from the daily inundation of the tides. As a result, many of these agricultural lands are
also protected seasonal freshwater wetlands and wildlife habitat, 95% of the wetlands
and habitat that are vulnerable and at risk from sea level rise by 2100 could be tidally
inundated as early as 2050, or now if the shoreline dikes are compromised.
There is a significant dune ecosystem on Humboldt Bay located in the PA on North Spit,
fortunately 97% of this habitat should not be inundated by sea level rise although
shoreline erosion will likely increase. There are cultural Wiyot sites located in the PA in
areas that are vulnerable and at risk from projected sea level rise by 2050 and 2100.
Information on these cultural sites is available from the City or Wiyot Tribe on request.

3.2 Asset Prioritization
Each asset has been prioritized for the 2050 and 2100 planning horizon based on its:
exposure to sea level rise impacts, susceptibility (the degree to which an asset is
affected adversely) to expected impacts, and the consequence (result or effect of
impact) of the loss or impairment of the asset to the City, its criticality (Table 4). Assets
have been given a priority ranking to facilitate the selection of priority assets for
development of adaptation strategies and measures. The process for prioritizing assets
has purposefully been simplified. There is an element of subjectivity in determining how
critical is an asset to the community, particularly projecting to the future in 2050 and
2100, that would best be derived through community and stakeholder forums.
Unfortunately holding such forums was beyond the scope of this project.
To assign a priority ranking for an asset each of the elements: exposure, susceptibility,
and consequence for 2050 and 2100 was given a value, for example with exposure, 0 if
there is no exposure, one if less than 50% of an asset was exposed, and two if greater
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than 50% of an asset could be exposed. Cumulative value totals for an asset of 0-1-2
would be considered a low priority, 3-4 medium priority, and 5-6 high priority (Table 4).
Assigning a value for the consequence to an exposed asset, that is susceptible to sea
level rise impacts, as mentioned earlier can be subjective and the effect on the priority
ranking significant. For example, by 2050 there are 7.4 miles out of 121 miles of sewer
lines in the City that are exposed and susceptible to sea level rise impacts of salt water
intrusion (inflow), which is just 6% of the sewer lines and if assigned a value of one for
exposure, the value for susceptibility is given two as electrical component of the lift
station could be adversely impacted, and a value of one for consequence because of
the limited exposure results in a priority ranking of just four, a medium ranking. But if
tidal inundation and inflow/salt water intrusion of 7.4 miles of sewer line is considered a
significantly impact to the capacity or biological process of the treatment facility the
value for consequence should be two, raising the ranking to five, a high priority asset.
Another example could be the railroad, it was given a ranking of 3 by 2050 and 4 by
2100 as exposure increased but the consequence did not change as it has not been
used for several decades. However, if by 2050 the railroad right-of-way supports a
regional coast trail between Eureka and Arcata then the consequences of its exposure
in 2050 could be high (2) resulting in its overall ranking becoming a 5, making it a high
priority asset. Agricultural lands were ranked a high priority (6) for 2050, but only three
for 2100. The difference being that the consequences from tidal inundation is projected
to occur by 2050 and additional tidal inundation would not change the consequences
experienced in 2050.
Dikes, are shoreline structures that while they have not been treated as an asset in this
assessment they serve a critical function in protecting many high priority assets from
tidal inundation, today. Dikes are exposed to high tides and wind waves. Many miles of
earthen dikes are currently in an eroded state and of insufficient elevation to
accommodate tides greater than our current king tides (MAMW 8.78 feet NAVD 88)
(Laird and Powell 2013). If dikes in the City and its PA are breached, before sea level
rise increases monthly maximum tides, spring tides to 9.64 feet (NAVD 88) by 2050, 6
of the 10 high priority ranked assets for 2050 would be adversely effected by tidal
inundation. Approximately 9.8 miles of dikes (57%) in the City and PA are rated highly
vulnerable and at risk from sea level rise projected for 2050. Dikes, primarily on Eureka
and Elk River Sloughs are currently protecting these high priority assets: waste water
collection system components, municipal water transmission lines, U.S. Highway 101,
Murray Field Airport, environmentally sensitive habitat areas-coastal seasonal
freshwater wetlands, and coastal agricultural lands, from tidal inundation.
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Table 4.
Summary of assets exposure, susceptibility, consequence and priority ranking for
2050 and 2100 in the City and its PA.

CITY and PA ASSETS

Coastal Dependent Industrial-City
Coastal Dependent Industrial-PA
Industrial-City
Industrial-PA
Commercial-City
Commercial-PA
Public-City
Public-PA
Residential-PA
Agricultural lands-City
Agricultural lands-PA
Freshwater ESHA-City
Freshwater ESHA-PA
Waste Water-Lift Stations-City
Waste Water-Lift Stations-PA
Waste Water-Sewer Lines-City
Waste Water-Sewer Lines-PA
Municipal Water
Storm Water
Electric System
Gas System
Bulk Fuel Terminal (number)
Optical Fiber
Communication Towers
Solid Waste
Streets
State Highway
US Highway
Jetty-Channels
Bulk Cargo Docks
Commercial Fishing
Recreational Boating
Murray Field Airport
Samoa Field Airport
Railroad
Contaminated Sites

1
1
1
1
1
1
1
1
1
2
2
2
2
1
2
1
1
1
2
1
1
0
1
1
0
1
1
1
0
1
1
2
2
0
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
1
1
0
0
1
1
0
2
2
2
0
1
2
2
2
0
2
2

1
0
1
0
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
0
2
0
1
0
0
1
0
2
0
1
2
2
2
0
0
1

4
3
4
3
4
4
5
5
5
6
6
6
6
5
6
5
5
5
5
2
3
0
3
2
0
4
3
5
0
3
5
6
6
0
3
4

2
1
2
1
1
1
1
1
1
1
1
0
0
2
1
1
1
2
2
2
2
2
2
1
2
1
2
2
2
2
2
1
2
2
2
2

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

2
1
2
1
1
2
2
2
2
0
1
0
0
2
0
2
2
2
2
1
2
1
2
0
0
2
2
2
2
2
2
1
1
0
0
2

6
4
6
4
4
5
5
5
5
3
4
2
2
6
3
5
5
6
6
6
5
5
6
3
4
5
6
6
6
6
6
4
5
4
4
6

By 2050, there are 10 assets ranked high priority and by 2100 there are 18 (Table 5).
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Summary of high priority asset ranking for 2050 and 2100 in the City and its PA.
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Table 5.

HIGH PRIORITY ASSETS

Waste Water-Collection System
Municipal Water-Transmission System
Residential Zoned Property & Communities-PA
US Highway 101
Storm Water System
Commercial Fishing Facilities-Property
Recreational Boating
Murray Field Airport
Agricultural Zoned Lands
Freshwater ESHA
Electric System
Natural Gas System
Optical Fiber Transmission
Jetty-Channels
State Highway 255
Coastal Dependent Industrial Zoned Property-City
Industrial Zoned Property-City
Bulk Cargo Docks-City
Contaminated Sites
Bulk Fuel Terminal
Streets

1
1
1
1
2
1
2
2
2
2
1
1
1
0
1
1
1
1
1
0
1

2
2
2
2
1
2
2
2
2
2
1
0
1
0
2
2
2
1
2
0
2

2
2
2
2
2
2
2
2
2
2
0
2
1
0
0
1
1
1
1
0
1

5
5
5
5
5
5
6
6
6
6
2
3
3
0
3
4
4
3
4
0
4

2
2
1
2
2
2
1
2
1
0
2
2
2
2
2
2
2
2
2
2
1

2
2
2
2
2
2
2
2
2
2
2
1
2
2
2
2
2
2
2
2
2

2
2
2
2
2
2
1
1
0
0
1
2
2
2
2
2
2
2
2
1
2

6
6
5
6
6
6
4
5
3
2
5
5
6
6
6
6
6
6
6
5
5

It is important to note that while only 262 acres by 2050 rising to 378 acres of residential
areas by 2100 are vulnerable and at risk from tidally inundation, developing adaptation
goals, strategies and measures for these communities is considered a high priority.
By 2050, key infrastructure components could be adversely affected by sea level rise.
Maintaining the capacity and operation of the regional wastewater collection system, in
the sea level rise hazard zone for 2050, is critical to the function of the waste water
treatment facility. The facility in turn is essential as it supports nearly all of the urban
development in the City and much of its PA. While the City’s municipal water supply is
not directly impacted by sea level rise, the City’s capacity to maintain or conduct
emergency repairs of its main transmission lines could be impaired significantly by tidal
inundation either from breaching of protective dikes before 2050 or by sea level rise
overtopping the dikes. The storm water system’s outlet structures at the shoreline of the
Bay are vulnerable and at risk of being tidally inundated by nearly two feet if sea level
rise by 2050. Backwater flooding of urban areas will be exasperated as a result.
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By 2050, U.S. Highway 101 a significant transportation asset for the Humboldt Bay
Region is vulnerable and at risk from tidal inundation between Eureka Slough and
Bracut on Arcata Bay if the dikes on Eureka-Fay Sloughs are breached or overtopped.
This highway is the most important transportation asset on the north coast and its
vulnerability to sea level rise will require a coordinated multi-agency effort to develop
and implement adaptation strategies and measures. The County’s Murray Field airport
is also a high priority asset locally; like the highway it is vulnerable should the protective
dikes on Eureka-Fay Slough fail now or be overtopped by 2050. On the City’s waterfront
3 of 8 commercial fishing docks/properties could become tidally inundated. Nearly all of
the recreation boating facilities in the City could be adversely impacted by 1.9 feet of
sea level rise as boat berths, floating docks, and boat launches could float off their
pilings unless their dock structures are modified to accommodate higher tides.
Agricultural lands, wetlands, and wildlife habitats are high priority coastal resources that
are also located behind the Eureka-Fay Slough dikes and vulnerable now and by 2050.
By 2100, the number of high priority assets that are vulnerable and at risk from sea level
rise increases substantially from 2050, 10 to 21. Figures 8 and 9 illustrate the increase
in scope of the sea level rise hazard zone in the City’s urban area. All of the utilities with
the exception of communication towers, and transportation modes, due to their
exposure and criticality are ranked high priority for development of adaptation strategies
and measures. All of the City’s existing Coastal Dependent Industrial docks and nearly
all (93% and 96%) of its CDI and Industrial properties could become tidally inundated
and are also designated as high priority assets. Only three existing bulk cargo docks
could still be in service by 2100, all reside on Samoa Peninsula in the PA. The
magnitude of change as a result of sea level rise is significant that the City, County and
others on Humboldt Bay will need to address before 2100.
To summarize there are two asset classes and seven high priority assets that if
impaired or eliminated by tidal inundation, due to dike failure, and sea level rise would
have significant impacts on the City and Humboldt Bay Region:
1. Utilities:
 Waste water
 Municipal water
 Energy (electricity and fuel)
 Communications (optical fiber lines and wireless for internet and telephone)
2. Transportation:
 U.S. Highway 101
 Highway 255
 Local streets and roads
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4. CONCLUSIONS
In the City and its PA, coastal hazards planning has relied on FEMA’s 100-year flood
zone mapping and the state’s tsunami run-up mapping. Going forward coastal hazard
mitigation planning will be able to utilize sea level rise inundation mapping (NHE 2015)
and this vulnerability and risk assessment report. Sea level rise planning horizons,
2030-2050-2100, are useful for LCP planning purposes particular for new assets (uses
and developments). For existing developments, the design life of structures and their
exposure to sea level rise is important when developing adaptation strategies and
measures. The expected design life of a structure may span several if not all of the
planning horizons being used today.
The City may want to focus on developing adaptation strategies and measures for high
priority assets by the 2050 planning horizon that are located in its jurisdiction, and
particularly on those assets that it owns, or for which it is responsible. Like most
municipalities, the City only owns and controls some critical assets (waste water
treatment facilities, sewer lines and lift stations, municipal water lines and pump
stations, storm water infrastructure, streets, some waterfront and adjacent properties
with commercial and recreational docks, marina, and coastal resources) that are
vulnerable and at risk from sea level rise. Other assets, are privately owned (electrical
power generating plants, natural gas transmission lines, electric distribution
infrastructure, bulk fuel terminals, and communications facilities, bulk cargo docks,
commercial docks, and waterfront property), or owned by other agencies (U.S. Highway
101, Highway 255, Harbor/Port facilities, marina, sold waste disposal facilities,
waterfront properties and recreational docks, wildlife refuges-ESHA, and cultural
resources). For those high priority assets that the City does not own but are critical to
the City (Highway 101, Humboldt Bay Power Plant, and optical fiber lines, etc.) it may
be advantageous for the City to form partnerships and collaborate with owners of these
and other assets.
An example of the need for the City to form partnerships and collaborations is the
maintenance and improvement of shoreline dikes that protect assets in the City
(wastewater collection system, stormwater system, and local streets) and access to City
owned assets like its Mad River Pipelines. The City could provide the leadership for a
collaboration of property and asset owners to develop appropriate adaptation goals,
strategies, measures and secure funding to increase the resiliency of dikes on Eureka
and Elk River Sloughs, particularly in the Eureka-Fay Slough hydrologic area (Figure
17).
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Figure 17.
Eureka-Fay Slough hydrologic area (white boundary) potentially could become
tidally inundated (blue shading) now if dikes fail or by 2050 during mean annual maximum and
mean monthly maximum tides if existing dikes elevations are not increased, and City limit (red
line).

The Eureka Slough agricultural landscape is an area where nearly its entire shoreline
consists of earthen dikes that are vulnerable and at risk from tidal inundation now if the
dikes are breached and from sea level rise by 2050. This area hosts a large number of
high priority assets not owned by the City: HCSD sewer lines and lift stations, PG&E’s
gas transmission lines and electrical distribution towers and poles, Humboldt County’s
Murray Field Airport, U.S. Highway 101, County streets/roads, numerous commercial
properties and residential areas, DFW’s Fay Slough Wildlife Area, and numerous
private agricultural properties. With such a diverse assemblage of asset interests and
property owners there is a need for a unified and collaborative stakeholder driven
planning effort to understand property/asset management goals, and identify adaptation
strategies, develop adaptation measures and implement adaptation projects to increase
the resiliency and extend the sustainability of these critical assets and land uses in the
face of sea level rise. A vulnerability and risk assessment of assets is an important step
in the process of planning for adaption to sea level rise. This asset assessment can
naturally lead to developing greater awareness of the community’s vulnerability and risk
to sea level rise as well as gaining an understanding of potential adaptation strategies
and measures.
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1 Introduction
Since 2010, Humboldt Bay has been the subject of several sea level rise adaptation
planning projects. The City of Eureka (City) is building on these regional sea level rise
adaptation planning efforts to prepare a vulnerability and risk assessment of assets and
to develop adaptation measures and strategies for priority assets, and Local Coastal
Plan policies. This vulnerability and risk assessment will describe assets in the City and
its Planning Area (PA) that are potentially vulnerable and at risk from tidal inundation or
salt water intrusion. Humboldt Bay tectonically is subsiding and its average rate of
relative sea level rise of 0.15 inches/year (15 inches per century) is greater than
anywhere else in California. Relative sea level rise estimates have been prepared for
the North Spit tide gage from 2000 to 2100, including low and high greenhouse gas
emission scenarios (NHE 2014). Sea level rise elevations that exceed what currently
occurs on Humboldt Bay are expected between 2030 and 2050. Sea level rise
estimates include 0.9 feet of sea level rise by 2030 (8.6 feet NAVD 88), 1.9 feet by 2050
(9.6 feet NAVD 88), 3.2 feet by 2070 (11.0 feet NAVD 88), and 5.4 feet by 2100 (13.1
feet NAVD 88).
The broad classes of critical assets in the City and its PA that are at risk from sea level
rise by 2100 include land uses (Coastal Dependent Industrial, Industrial, Commercial,
Public, and Residential), coastal resources (agricultural lands; environmentally sensitive
habitat areas, such as marine and freshwater wetlands and dunes; and cultural sites),
utilities (waste water, drinking water, storm water, energy, communications, and solid
waste), transportation (surface, marine, air, and rail), and open contaminated sites. Not
all assets are equally important to the well-being and sustainability of a community like
the City. An asset is deemed critical if there would be an immediate impact on a
community if its services were impaired or lost. Critical assets in the City and PA include
utilities (energy–electricity and fuel, communications–optical fiber lines and wireless for
internet and telephone, municipal water, and waste water) and all transportation
systems (City streets, State Highway 255, and U.S. Highway 101).
Electrical infrastructure and facilities in the City and PA include five electrical
substations, overhead and underground high voltage lines, transmission towers,
distribution power poles, the natural gas-powered Humboldt Bay Generating Station
(HBGS), the DG Fairhaven Power Company's biomass plant, and several smaller
facilities throughout the PA. In the potential mean monthly maximum water (MMMW)
inundation zone for 2100 (13.1 feet NAVD 88), electrical facilities, generating stations,
and sub-stations are vulnerable and at risk from tidal inundation and flooding. Rising
ground water could also cause flooding of underground infrastructure. The electrical
generation capacity and transmission from the HBGS has a low probability of being
impacted by shoreline erosion or tidal inundation in the 2015 to 2050 planning periods.
By 2070, tidal inundation of electrical equipment, facilities, and substations is a
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significant impact that may affect electrical transmission. Tidal inundation of electrical
transmission towers and distribution poles may also impact maintenance and repairs.
Current access to the HBGS via King Salmon Avenue could become tidally inundated.
By 2100, large portions of the King Salmon facility are predicted to be tidally inundated,
significantly impacting the HBGS. It is not known if the HBGS facility has been designed
to withstand the impacts of direct tidal inundation, and whether emergency response
procedures will be sufficient to safeguard employees from arc fault and additional
hazards associated with high voltage electricity generation. The King Salmon electrical
facilities (HBGS and Humboldt Bay substation) are less than 13.1 feet (NAVD 88) in
elevation and are therefore in the predicted tidal inundation zone for 2100.
The Humboldt Bay Power Plant (HBPP), a former nuclear power site, is located at the
King Salmon site in an area ranging in elevation between 9.6 to 10.9 feet (NAVD 88).
Tidal inundation of this site could occur when the shoreline is overtopped. Nuclear
contamination of the site could be mobilized and discharge into Humboldt Bay;
however, the level of contamination is currently unknown, as decommissioning and
remediation of the site has commenced. The site that contains the spent nuclear fuel
rods of the HBPP is located above 14.3 feet (NAVD 88) elevation, well above the
elevation of projected sea level rise for 2100, and that facility should not be impacted by
tidal inundation.
In the City, there are two bulk fuel marine terminals; one is active and the other is not.
Chevron’s Eureka Terminal (an active terminal) is located along the bay, just north of
the mouth of the Elk River Slough (property elevation less than 11 feet NAVD 88) and
Tosco Eureka Terminal (inactive), located on the bay just northwest of 14th Street
(property elevation 10 to 12 feet). Approximately 80% of the fuel used in the City and
PA is delivered via barge to the Chevron Terminal. Fuel is delivered to end use stations
by truck via surface streets. Access to the property is from Truesdale Street to Christie
Street, both of which are less than 11.0 feet (NAVD 88) elevation in this area. The north
and eastern perimeters and northern portion of the Chevron Terminal property may
become tidally inundated during MMMW of 9.6 feet (NAVD 88) predicted by 2050. By
2100, MMMW of 13.1 feet (NAVD 88) at these facilities could result in up to three feet of
tidal inundation. Tidal inundation of the bulk fuel properties could cause corrosion of
metal storage tanks and likely result in the degradation of water quality by petroleum
products. Access and maintenance could be impacted by regular tidal inundation. The
sustainability of the City and PA is currently dependent on petroleum products delivered
via bulk fuel terminals but alternative energy such as electricity may reduce that
dependency in the future.
Communications infrastructure and operations within the City are critical assets for daily
operation of businesses, government agencies, utilities, emergency responders,
educational institutions, and public and social connectivity. The communications
industry is privately owned and operated; infrastructure includes underground optical
fiber cables, microwave towers, AM/FM transmission towers, and cell phone towers.
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Optical fiber is the most significant resource for high speed data transmission; the City
and its PA are served by two major optical fiber connections. Close to half of the fiber
optic cable lines in the City and over half in the PA are expected to be affected by rising
sea levels by 2100. Underground optical fiber and coaxial cable lines are not likely to be
impacted by tidal inundation or rising ground water. However, associated junction boxes
and service connection equipment will degrade in the presence of salt water. Access,
emergency repairs, and maintenance may become much more complicated and
expensive when tidal inundation occurs. The loss of service provided by underground
optical fiber lines along U.S. Highway 101 could be catastrophic to the City and its PA.
For the 38 above-ground communications facilities in the City and PA, eight are
expected to be affected by rising sea levels by 2100. Stability of communication tower
footings and rates of corrosion of structural attachment members can be expected to
increase with tidal inundation. Electrical equipment and connections that are not rated
for exposure to a marine environment may also be compromised. There is redundancy
in the number of above ground communications towers if the eight towers at risk from
tidal inundation by 2100 were impaired or removed.
The drinking water systems of the City and PA are complex and interconnected, with
multiple sources, delivery systems, and interties between the two systems. In the City,
municipal or potable water is supplied by Humboldt Bay Municipal Water District
(HBMWD). In the PA, Humboldt Community Services District (HCSD) provides potable
water to a substantial portion of the area, with interconnections and agreements that
make HCSD water infrastructure relevant to the City’s overall water system. Municipal
water supply infrastructure includes main water transmission pipelines from Arcata to
Eureka, ground water wells, booster pumping stations, storage reservoirs, treatment
systems, and distribution system. In the City, storage and treatment components of the
water system are well above the predicted inundation areas (high tank ground elevation
+150 feet and the underground reservoir on Hemlock Street at 195 feet NAVD 88) and
are not expected to be susceptible to impacts from sea level rise or flooding. In the PA,
none of the HCSD storage tanks are within the predicted tidal inundation zone for 2100.
the City, portions of pipeline and components of the distribution system located in the
industrial and commercial areas along the Eureka Waterfront are within the projected
2100 tidal inundation zone. In the PA, by as early as 2030 the municipal water
distribution system operated by HCSD in King Salmon and Fields Landing, could be
tidally inundated and by 2050 the system operated by HBMWD in Fairhaven could
become tidally inundated. Any impairment in providing a safe supply of drinking water
would be immediately unacceptable. There are no reliable backup sources of drinking
water immediately available to the City if the transmission lines between Arcata and
Eureka fail. Extreme water conservation measures and quick emergency repairs would
be required. The loss or impairment of the HCSD’s South Bay well could result in a
significant impact on the water supply in the PA.
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The City owns, operates, and maintains its waste water collection system and the Elk
River Waste Water Treatment Plant (WWTP) located in the City. In the PA, the HCSD
owns, operates, and maintains its waste water collection system and they have
purchased approximately 30% of the WWTP’s current capacity to serve some of
unincorporated communities through an inter-governmental agreement with the City.
The WWTP, located on the shore of Elk River Slough, is greater than 15.0 feet (NAVD
88) in elevation, and therefore is not expected to be directly exposed to tidal inundation
by 2100. Treated waste water effluent is discharged to the west side of Elk River Spit
via an outfall. To enable periodic discharge during the ebb tide, treated waste water is
retained in the effluent holding pond (elevation 6 to 10 feet NAVD 88). The effluent
holding pond relies on a tide gate to keep high tides from entering the pond. As the
average low tide elevations rise, the tide gates may remain submerged longer each day,
resulting in effluent being trapped behind the dike, thus reducing the capacity of the
pond. Rising sea levels could also reduce the effectiveness of the gravity flow discharge
system, and pumping requirements, maintenance, and power costs will likely increase.
The waste water collection system consists of an underground network of sewer pipes,
manholes, and lift and pump stations. The City’s collection system includes 125 miles of
underground pipe, 1,541 manholes and 22 lift/pump stations. In the PA, there are an
additional 29 sewer lift stations and 78 miles of underground pipes. The City and
HCSD’s collection system during storm and high tide events already has problems with
I/I. Many of the urban areas in the City and PA that will be affected by sea level rise of
13.1 feet (NAVD 88) by 2100 contain waste water collection infrastructure such as lift
and pump stations, manholes, and a network of sewer pipes. Some of the lift stations
and manholes are expected to experience regular tidal inundation. Ground water
elevations in and adjacent to these tidal inundation areas may also rise. Both of these
effects may increase inflow and infiltration (I/I) of ground water and brackish water into
the waste water collection system. This can, in turn, overwhelm the hydraulic and
mechanical capacities of the systems and upset the biological balance of the treatment
plant digesters, causing mechanical failures that could result in the release of raw
sewage into surface waters. The loss of functionality of the waste water treatment plant
would be devastating to the entire City. Loss of the use of sections of the waste water
collection system could significantly impact the residential, commercial, and industrial
users in those areas and areas upstream that are tributary to those sections of the
collection system. Untreated waste water discharges to the bay or sloughs could result
in the closure of commercial oyster operations and recreational uses of the bay. Such
closures could result in significant loss of revenue to the fishing and mariculture
industries, depending on the timing of the spills.
U.S. Highway 101 is the primary north–south transportation corridor on the northern
California coast; Caltrans is responsible for the maintenance of U.S. Highway 101.
There are 6.2 miles of U.S. Highway 101 in the City, 1.1 miles of which traverse lowlying diked former tidelands. In the PA, there are an additional 5.5 miles of U.S.
Highway 101, 3.4 miles of which traverse low-lying diked former tidelands. U.S.
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Highway 101 is vulnerable and at risk from tidal inundation if segments of protective
shoreline dikes on Eureka, Fay, and Elk River Sloughs are breached or overtopped. If
these protective dikes fail, U.S. Highway 101 could become a causeway with open
water potentially on one or both sides. Under these conditions, the road prism could be
exposed to wind-induced wave erosion and slumping from over saturation. Over time
and under repeated flooding, the road base may become saturated, causing the asphalt
to buckle and require resurfacing. By 2050, nearly 2 miles of the highway on Arcata Bay
are vulnerable and at risk of being tidally inundated, and by 2070, nearly 3 miles. On Elk
River Slough, nearly 1 mile is vulnerable and at risk of tidal inundation. By 2100, when
sea level is projected to reach 13.1 feet (NAVD 88), 2.4 miles of U.S. Highway 101 in
the City and 3.4 miles in the PA could be tidally inundated. Any tidal inundation of the
highway on a regular basis will be a significant disruption to the use of this important
transportation corridor. U.S. Highway 101 is a critical asset for the City and the
Humboldt Bay region. Any interruption of service on U.S. Highway 101 would be
unacceptable. U.S. Highway 101 is one of the highest priority assets to the City.
Nearly all of the critical assets in the Coastal Zone are vulnerable and at risk in the long
term (2050 to 2100), as 80% of the Coastal Zone could become tidally inundated. The
City only owns and controls some of the critical assets (waste water treatment facilities,
sewer lines and lift stations, municipal water lines and pump stations, storm water
infrastructure, streets, some waterfront and adjacent properties with docks, marina, and
coastal resources). Many of the critical assets are privately owned (bulk cargo docks,
bulk fuel terminal, waterfront property, natural gas transmission lines and electric
distribution infrastructure, and communications facilities) or controlled by other public
entities, such as Caltrans, Humboldt Bay Harbor and Recreation Conservation District,
Humboldt Waste Management Authority, Humboldt State University, California
Department of Fish and Game, and Wiyot Tribe). As such, the City can only control
some of the critical assets within its jurisdiction.
A full discussion of each major asset class and individual assets may be found in this
Appendix.

Trinity Associates 20160630

5

2 Urban Land Uses
The low-lying areas of the City’s waterfront, bottom land on Elk River Slough, and diked
former tidelands on Eureka Slough, are less than 14 feet in elevation and are vulnerable
and at risk from the high projections (MMMW of 13.1 feet and MAMW of 14.1 feet
NAVD 88) of relative sea level rise for 2100. By 2100, nearly 80% of the coastal zone
(CZ) in the City is vulnerable to tidal inundation. By 2100, tidal inundation may even
extend beyond the current CZ boundary in both the City and PA (Error! Reference
source not found.).

Figure 1.
City of Eureka and the Coastal Zone boundary (red line) and the area that is
vulnerable to tidal inundation (13.1 feet) by 2100 (blue).

As described earlier in Section 2.2, all of the potential tidal inundation maps assume
that the protective shoreline structures (dikes/levees, railroad grade or roadways) are
not there. Given the current range in shoreline elevations, the threshold for overtopping
many of the dikes is 10.0 feet (NAVD 88). Therefore, potential tidal inundation areas for
2015, 2030, and 2050 are predicated on the assumption that the shoreline structures
are compromised and no longer hold back MMMW. Table 1 summarizes the CZ areas
that potentially could be inundated by planning horizon, not inundated, and total area.
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Table 1.
Summary of Coastal Zone areas in the City and Planning Area that potentially
are vulnerable and at risk from tidal inundation by 2015, 2030, 2050 and 2100, areas not
vulnerable to inundation and total acreage.
COASTAL ZONE above MSL
City of Eureka
Planning Area

Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated
1116
1282
1394
1974
480
3440
3851
4092
5347
4852

Total Acreage
2454
10199

In the City there are 2,454 acres within the CZ. In 2015, approximately 45% (1,116
acres) of the CZ in the City are potentially vulnerable to tidal inundation by the MMMW
tide (7.7 feet NAVD 88) (Error! Reference source not found.). These vulnerable lands
are primarily diked former tidelands on Eureka Slough that are at risk if dikes are
breached, the City’s waterfront in the PALCO marsh area, low-lying diked agricultural
areas adjacent to Elk River Slough, and also salt marsh areas above MSL (3.7 feet
NAVD 88), particularly on the three islands. By 2030, CZ areas in the City potentially
vulnerable to tidal inundation by MMMW tide (8.6 feet NAVD 88), may increase by 7%
(166 acres), primarily in the waterfront area west of Broadway and north of 4th Street. By
2050, the CZ area in the City that is potentially vulnerable to tidal inundation by the
MMMW tide (9.6 feet NAVD 88), may increase by 5% (112 acres). By 2100, tidal
inundation in the CZ could increase significantly by 24%, meaning fully 81% (1,974
acres) of the CZ below the projected MMMW tide (13.1 feet NAVD 88) could be tidally
inundated. The CZ in the PA, occupies 10,199 acres above MHW elevation and the
number of acres potentially vulnerable to tidal inundation by 2100 compared to the City
is 5,347 acres versus 1,974 acres.

Figure 2.
Extent of land above mean sea level (3.7 feet) that potentially could be tidally
inundated in the coastal zone, the City of Eureka, and its Planning Area, and the area that is not
likely to be inundated.
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While there are more acres potentially vulnerable to tidal inundation in the PA, there is
only 20% of the CZ in the City versus 48% in the PA that are not vulnerable to tidal
inundation by MMMW in 2100. The percentage of the CZ in the City that is potentially
vulnerable to tidal inundation beyond what is vulnerable today does not increase
significantly until after 2050 when it increases 24% in area. While in the PA the area
potentially vulnerable by 2100 does not increase significantly (18%) beyond what could
be tidally inundated today.
There is an area that illustrates the potential vulnerability of diked lands and a variety of
assets at risk now and from sea level rise that is bound by Eureka and Fay Sloughs,
which are in both the City and PA (Figure 3). There are 3.3 miles of shoreline dikes on
the bank of these two sloughs that prevents tidal inundation of this area, which protects
U.S. Highway 101, Humboldt County’s Murray Field Airport, commercial properties west
of 101, on Jacobs Avenue, Harper Motors, Indianola Road, State Fay Slough Wildlife
Area, private agricultural lands and access to PG&E’s gas lines. Approximately 1.2
miles of the dikes protecting these developments and uses are rated highly vulnerable
to being overtopped by 2.0 feet of sea level rise (Figure 4). The average surface
elevation of the area behind these dikes is 4 to 5 feet; should the diked shoreline be
breached or overtopped in 2015, this area could be subject to 3 to 4 feet of tidal
inundation. By 2050, with a high projection of 1.9 feet of relative sea level rise, the
MMMW would be 9.6 feet (NAVD 88) and the MAMW would be 10.7 feet (NAVD 88).
Approximately 1.2 miles of dike, east of the airport, could potentially be overtopped if
the dike has not been raised. Several thousand acres of diked agricultural land beyond
the City on Eureka, Fay, Freshwater, and Ryan Sloughs are also potentially vulnerable
to tidal inundation if the dikes are breached or overtopped and to sea level rise. In the
PA, to the South of the City Elk River, Swain, and Martin Slough’s diked agricultural
lands are also currently potentially vulnerable to tidal inundation if the protective earthen
dikes are breached or overtopped by MAMW, 100-year extreme events, and sea level
rise.
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Figure 3.
Eureka–Fay Slough unit (white), which is the most vulnerable area to tidal
inundation at current mean monthly maximum tide elevations (7.7 feet), and City of Eureka
boundary (black).
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Figure 4.
Eureka–Fay Slough unit shoreline vulnerability rating: red is high, yellow is
moderate, and green is low.

2.1 Description
The City’s waterfront, the area that abuts Humboldt Bay from Elk River Slough north to
Eureka Slough, is approximately 5.9 miles in length. Based on the 1854 Township Plat
maps, the area approximately west of Broadway Avenue/Summer Street from Vigo
Street in the south to D Street in the north was historically salt marsh, and separated
from the Eureka mainland by a tidal slough channel (Laird 2007; Figure 5).
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Figure 5.
City of Eureka’s waterfront from Bucksport to Eureka Slough based on original
Township Plat (1854).

Historically, the waterfront south of Vigo Street (formerly the Bucksport area) and west
of Broadway was low-lying windblown sand deposits overlaid on tidal mudflats or salt
marsh (Laird 2007; Figure 5). As much as 2.6 miles of the waterfront, from Del Norte
Street to T Street, was created by filling in the bay, creating an artificial shoreline. Most
of the historic low-lying waterfront area surface elevation is now between 9.0 and 13.0
feet elevation.
Urban zoning classes potentially vulnerable and at risk from tidal inundation by 2100 in
the City and PA are described in this section. To summarize, in the City, there are four
urban zoning classes that are potentially vulnerable to sea level rise by 2100, and in the
PA there are five. Figure 6 illustrates the percentage of the total area for each zoning
class that is vulnerable and at risk from tidal inundation for 2050 compared to 2100, as
well as the area that is not projected to be tidally inundated (Table 2). Each zoning class
is described and assessed in further detail in this section.
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Figure 6.
Urban zoning classes and percentage of total area in the City of Eureka and its
Planning Area that potentially could be tidally inundated by 2050 compared to 2100 as well as
the area that is not likely to be inundated.

The above bar graph shows the percentage of various zoning areas in the City and PA
that are projected to be tidally inundated in the years 2050 and 2100, as well as the
amount that would not be inundated. As the graph shows, a significant increase from
2050 to 2100 in the portion of both the Coastal Dependent Industrial (CDI) and
Industrial zones in the City that are projected to become tidally inundated as well as
cumulatively the total percentage of each zone that could be impacted. As the graph
shows, sea level rise will impact these zones in the City much more significantly that in
the PA. In the PA the Commercial zones by 2100 could be impacted much more than in
the City. A more detailed description of urban zone tidal inundation impacts is listed in
Table 2 and described below.
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Table 2.
Summary of Urban zoning classes and acres in the City of Eureka and its
Planning Area that are potentially vulnerable to sea level rise by 2050 compared to 2100 as well
as the acres that are not likely to be tidally inundated, and total acres for each zone.
Land Uses
Inundated by 2050 Inundated by 2100
37
113
Coastal Dependent Industrial-City
121
418
Coastal Dependent Industrial-PA
47
172
Industrial-City
99
158
Industrial-PA
53
60
Commercial-City
117
321
Commercial-PA
76
94
Commercial Recreational-PA
13
31
Public-City
132
208
Public-PA
0
0
Residential-City
262
378
Residential-PA

Not Inundated
9
557
7
429
180
430
126
339
527
2793
6,144

Total
122
975
179
587
240
751
220
370
735
2,793
6,522

In the City there could be a significant increase (62.3%) in the CDI zone potentially
inundated from 2050 to 2100, resulting in possibly 92.6% (113 of 122 acres) of the CDI
zone being tidally inundated and just 7.4% (9 acres) that may not be inundated.
Similarly, in the City there could be a significant increase (69.8%) in the Industrial zone
potentially inundated from 2050 to 2100, resulting in possibly 96.1% (172 of 179 acres)
of the Industrial zone being tidally inundated and only 3.9% (7 acres) that may not be
inundated. In the City, there is a minor (2.9%) increase in the Commercial zone that
may be tidally inundated from 2050 to 2100, resulting in potentially 25% (60 of 240
acres) that could be tidally inundated but 75 % (180 acres) may not be inundated. For
Public zoned areas in the City only 8.4% (31 of 370 acres) could be tidally inundated by
2100 and 91.6% (339 acres) may not be inundated. Residential zone areas are not
likely to be tidally inundated by 2100.
In the PA there could be a significant increase (30.5%) in the CDI zone potentially
inundated from 2050 to 2100, resulting in possibly 42.9% (418 of 975 acres) being
tidally inundated but 57.1% (557 acres) may not be inundated. In the Industrial zoned
areas that could be tidally inundated from 2050 to 2100 would increase just 10.1% to
27% (158 of 587 acres) and 73.1% (429 acres) may not be inundated. The area
potentially inundated from 2050 to 2100 in the Commercial zone could increase 27.2%
to 42.8% (321 of 751 acres) and 57.3% (430 acres) may not be inundated. Tidal
inundation in the Commercial Recreational zone could increase from 2050 to 2100 by
8.2% to 42.7% (94 of 220 acres) and 57.3% (126 acres) may not be inundated. In the
Public zone tidal inundation from 2050 to 2100 may increase 10.3% to 28.3% (208 of
735 acres) and 71.7% (339 acres) may not be inundated. The Residential zone from
2050 to 2100 could increase tidal inundation by just 1.8% to 5.8% (378 of 6,522 acres)
but inundation of an additional 116 acres could be considered significant depending on
the communities impacted even though 94.2% (6,144 acres) or the Residential zone
may not be inundated.
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2.1.1 Coastal Dependent Industrial
In the City, most of the CDI zoned property is located between the North Coast Railway
Authority railroad and Waterfront Drive and the bay shoreline from the Elk River
Wastewater Treatment Plant (WWTP) north to Marina Way. Of the 212 acres of CDI
property, approximately 90 acres (42% of the CDI zoned properties) are below Mean
High Water (5.8 feet) and are in fact in the bay, leaving 122 acres of upland CDI
property. Approximately 1.4 miles (57%) of the CDI zoned waterfront is vacant and 1.1
miles are developed (33%). Approximately 60 acres (49%) of the CDI zoned properties
above MHW are vacant. The 122 acres of CDI zoned properties above MHW elevation
(i.e., the bay shoreline) range from 9.0 to 11.0 feet in elevation with just 9 acres
predicted to not be inundated by 2100 (13.1 feet).
In the PA, there are 1,167 acres of CDI, but 192 acres are below MHW and are in the
bay, leaving 975 acres of upland CDI property. In the PA, the CDI zoned waterfront
property is approximately 4.2 miles located on the Samoa Peninsula from the Samoa
Bridge south to the County’s Samoa Boat Launch, of which 3.4 miles are vacant (81%).
In King Salmon, there are 0.5 miles of CDI zoned waterfront where the PG&E Humboldt
Bay Generating Station (HBGS) and Independent Spent Fuel Storage Installation
(ISFSI; nuclear material storage) site are located. In Fields Landing, there are 1.3 miles
of CDI zoned waterfront property and 1.0 miles (80%) are vacant.
2.1.2 Industrial
General and Light Industrial zoned properties are located inland and adjacent to the
waterfront CDI zoned properties, west of Broadway and north of 4th Street. The
industrial zoned property in the PA is located west of U.S. Highway 101 between Bracut
and Eureka Slough (California Redwood Company property) and Fields Landing.
2.1.3 Commercial
In the City, the at risk waterfront commercial zoned area begins at the City’s Wharfinger
property, which ranges in elevation from 11.0 to 17.0 feet, and then from the C Street
Dock east to Y Street, where the waterfront commercial properties range in elevation
from 9.4 to 11.0 feet. Approximately, 1.0 miles (76%) of the waterfront commercial
zoned properties are vacant. Other commercially zoned property at risk from tidal
inundation includes Planned Shopping Commercial properties located at the Bayshore
Mall and Service Commercial properties to the west and north of the U.S Highway 101
corridor (Broadway and north of the 4th/5th Streets couplet), and in the Jacobs Avenue
area.
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There is no waterfront Commercial zoned property in the PA, but there is Commercial
zoned property in area east of U.S. Highway 101 on South Broadway and Fields
Landing.
2.1.4 Commercial Recreational
The Commercial Recreational zoned property in the PA is located in King Salmon.
2.1.5 Public
In the City, the Public zoned properties abutting Humboldt Bay are the Woodley Island
Marina, Humboldt County Murray Field Airport, North Coast Railroad Authority, Caltrans
Highway 255, and the Elk River WWTP. Other Public zoned properties in the City are
adjacent but inland of the waterfront, including North Coast Railroad Authority, Caltrans
U.S. Highway 101, City Maintenance Yard, the vacant “Balloon Track,” and the Eureka
Municipal Golf Course behind protective diked shoreline on Swain Slough. The WWTP
is greater than 17.0 feet in elevation, but the surrounding ponds and treatment facility
grounds range in elevation from 8.0 to 11.0 feet. The City’s Maintenance Yard is from
10.0 to 11.0 feet in elevation. The Balloon Track ranges in elevation from 9.0 to 13.0
feet. The Eureka Golf Course is located upstream of Fairway Drive and most of the
property is less than 7.7 feet in elevation (mean maximum high tide). Woodley Island
Marina is greater than 13.0 feet in elevation, with some areas close to the waterfront
approximately less than 16.5 feet in elevation.
In the PA, Public zoned property abutting the bay is located on Samoa Peninsula at the
County Samoa Boat Launch, in Fields Landing at the County Fields Landing Boat
Launch, and on Arcata Bay on the North Coast Railroad Authority property.
2.1.6 Residential
In the City, there are no residential zoned properties vulnerable to tidal inundation by
2100. In the PA, the Residential zoned property located in areas vulnerable to tidal
inundation by 2100 is located in the Indianola area east of Walker Point, Second and
Third Sloughs, Martin Slough, King Salmon and east of U.S. Highway 101, Elk River
east of Humboldt Hill, Fields Landing, and Fairhaven.

2.2 Exposure
Land uses on properties located on diked former tidelands are potentially vulnerable
and at risk now from tidal inundation by MMMW (7.74 feet NAVD 88) if the protective
shoreline structures are breached or overtopped, and from the high projections for sea
level rise and extreme 100-year storm that reach or exceed 10.0 feet (NAVD 88).
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Waterfront property located on fill depending on its surface elevation may be vulnerable
and at risk from sea level rise and extreme 100-year storms that overtop the shoreline
and tidally inundate or flood these areas.
In 2015, there are 613 acres, 190 acres in the City and in the PA 423 acres, that could
be tidally inundated if shoreline structures are breached or overtopped. By 2030, there
are 810 acres, 260 acres in the City and in the PA 550 acres, that could be tidally
inundated if shoreline structures are breached, or by the high projection of MAMW (9.68
feet NAVD 88) or extreme 100-year storm of 10.8 feet (NAVD 88). By 2050, there could
be 957 acres, 333 acres in the City and 624 acres in the PA that could be tidally
inundated by the high projections for MMMW, MAMW, and the 100-year storm (9.64
feet, 10.68 feet, and 11.8 feet NAVD 88). By 2100, there are 1,953 acres 814 acres in
the City and 1,139 acres in the PA, that could be tidally inundated by the high
projections for MMMW, MAMW, and 100-year storm (13.1 feet, 14.14 feet, and 15.2 feet
NAVD 88).
Exposure (percentage of the total area potentially tidally inundated by 2015, 2030,
2050, and 2100) for each urban land use class is described below.
2.2.1 Coastal Dependent Industrial
In the City, CDI lands that are vulnerable and at risk: now there are 12 acres, in 2030
there are 26 acres mostly west of the NCRA property and north of Truesdale Avenue, in
2050 there could be 37 acres inundated west of the NCRA property and north of
Truesdale Avenue, and by 2100 113 acres west of the NCRA property and north of
Truesdale Avenue that are projected to be tidally inundated (Table 3). Only 9 acres of
CDI is not inundated by 2100.
Table 3.
Coastal Dependent Industrial lands in the City of Eureka and its Planning Area
that are potentially vulnerable now if shoreline structures fail and to sea level rise by 2030,
2050, and 2100 as well as the acres that are not likely to be tidally inundated by 2100, and total
acres.
COASTAL DEPENDENT INDUSTRIAL Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated Total Acreage
City of Eureka
12
26
37
113
9
122
Planning Area
54
86
121
418
557
975

In the PA, CDI lands that are vulnerable and at risk: now there are 54 acres located on
vacant lands south of Fairhaven and King Salmon and in Fields Landing, by 2030 86
acres could be inundated south of Fairhaven, at King Salmon and Fields Landing, by
2050 121 acres in the same communities, and by 2100 418 acres in King Salmon,
Fields Landing, and on the Samoa Peninsula south of Fairhaven and east of Samoa.
More than half of the CDI land in the PA will not be tidally inundated by 2100, located on
the Samoa Peninsula.
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Approximately 13% (121 acres) of the CDI land in the PA could be tidally inundated by
2050 compared to 62% (37 acres) of the CDI land in the City. There is a significant jump
in the percentage of CDI land in the City that could be tidally inundated from 2050 to
2100, 62% (Figure 7). Just 7% of the CDI land in the City is projected to not be tidally
inundated by 2100. Where as in the PA, the percentage of CDI land that could be tidally
inundated from 2050 to 2100 would increase 30% but 57% (557 acres) of the CDI land
is projected to not be tidally inundated by 2100, specifically located on the Samoa
Peninsula.

Figure 7.
Coastal Dependent Industrial land and percentage of total area in the City of
Eureka and its Planning Area that potentially could be tidally inundated in 2015 and by 2030,
2050, and 2100 as well as the area that is not likely to be inundated.

2.2.2 Industrial
In the City, Industrial lands are vulnerable and at risk: now there are 6 acres of Industrial
zoned land, in 2030 22 acres of Industrial zoned property west of Broadway, in 2050 47
acres of Industrial zoned property west of Broadway, and by 2100 172 acres of
Industrial zoned property west of Broadway (Table 4). Only 7 acres of Industrial land is
not inundated by 2100.
Table 4.
Industrial lands in the City of Eureka and its Planning Area that are potentially
vulnerable now if shoreline structures fail and to sea level rise by 2030, 2050, and 2100 as well
as the acres that are not likely to be tidally inundated by 2100, and total acres.
INDUSTRIAL
City of Eureka
Planning Area

Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated Total Acreage
6
22
47
172
7
179
81
94
99
158
429
587
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In the PA, Industrial lands that are vulnerable and at risk: now there are 81 acres of
Industrial zoned land behind dikes west of U.S. Highway 101 (California Redwood
Company), by 2030 94 acres of Industrial property in the same areas as now, by 2050
99 acres of Industrial property west of U.S. Highway 101 south of Bracut, and Fields
Landing, and in 2100 158 acres. There are 429 acres of Industrial land in the PA that
are projected to not be inundated by 2100.
In the City approximately 17% (47 acres) of Industrial land could be tidally inundated by
2050, while areas that are vulnerable and at risk increase 70% by 2100 to 83% (172
acres) (Figure 8). Just 4% of the Industrial land in the City is projected to not be tidally
inundated by 2100. In the PA, 17% (99 acres) of the Industrial lands could be tidally
inundated by 2050 increasing to 27% (158 acres) by 2100. But 73% (429 acres) of the
PA’s Industrial lands are projected to not be tidally inundated by 2100.

Figure 8.
Industrial land and percentage of total area in the City of Eureka and its Planning
Area that potentially could be tidally inundated in 2015 and by 2030, 2050, and 2100 as well as
the area that is not likely to be inundated.

2.2.3 Commercial
In the City, Commercial lands are vulnerable and at risk: now there are 85 acres of
behind dikes: Indianola, Harper Motors, and Jacobs Avenue, by 2030 101 acres and by
2050 117 acres could be tidally inundated, and by 2100 321 acres including 204 acres
not previously inundated along the waterfront, from First Slough south to C Street and
along Broadway Avenue to South Eureka (Table 5). Approximately 430 acres (57%) of
Commercial land is projected to not be tidally inundated by 2100.
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Table 5.
Commercial lands in the City of Eureka and its Planning Area that are potentially
vulnerable now if shoreline structures fail and to sea level rise by 2030, 2050, and 2100 as well
as the acres that are not likely to be tidally inundated by 2100, and total acres.
COMMERCIAL
City of Eureka
Planning Area

Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated
85
101
117
321
430
41
49
53
60
180

Total Acreage
751
240

In the PA, Commercial lands that are vulnerable and at risk: now there are 41 acres of
Commercial zoned property, south Broadway, by 2030 49 acres of Commercial zoned
property, Fields Landing, in 2050 53 acres of Commercial zoned property east of U.S.
Highway 101 on south Broadway near King Salmon, and Fields Landing, and by 2100
60 acres of Commercial zoned property. There are 180 acres that are projected to not
be inundated by 2100.
In the City approximately 15% (117 acres) of Commercial land could be tidally
inundated by 2050, while areas that are vulnerable and at risk increase 27% by 2100 to
43% (321 acres) (Figure 9). A significant 57% (430 acres) of the Commercial land in the
City is projected to not be tidally inundated by 2100. In the PA, 22% (53 acres) of the
Commercial lands could be tidally inundated by 2050 increasing to 27% (60 acres) by
2100. But 75% (180 acres) of the PA’s Commercial lands are projected to not be tidally
inundated by 2100.

Figure 9.
Commercial land and percentage of total area in the City of Eureka and its
Planning Area that potentially could be tidally inundated in 2015 and by 2030, 2050, and 2100
as well as the area that is not likely to be inundated.
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2.2.4 Commercial Recreational
There are 220 acres of Commercial Recreational zone that only exist in the PA,
specifically in King Salmon area. There are 59 acres behind dikes located that are
vulnerable and at risk now from tidal inundation if these dikes are breached or
overtopped, by 2030 71 acres and by 2050 76 acres and in 2100 94 acres are projected
to be tidally inundated. Approximately 126 acres (57%) of Commercial Recreational
land is projected to not be tidally inundated by 2100.
2.2.5 Public
In the City, Public lands are vulnerable and at risk: now there are 87 acres located
behind dikes in the Eureka–Fay Slough unit (Murray Field Airport), south of the WWTP
low-lying areas on Elk River Slough, and behind dikes on Martin Slough on the Eureka
Golf Course, by 2030 111 acres and by 2050 132 acres could be tidally inundated, and
by 2100 208 acres of Public zoned land, including the Balloon Track and parts of the
WWTP property (Table 6). Approximately 339 acres (72%) of Public land is projected to
not be tidally inundated by 2100.

Table 6.
Public lands in the City of Eureka and its Planning Area that are potentially
vulnerable now if shoreline structures fail and to sea level rise by 2030, 2050, and 2100 as well
as the acres that are not likely to be tidally inundated by 2100, and total acres.
PUBLIC
City of Eureka
Planning Area

Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated
87
111
132
208
527
6
11
13
31
339

Total Acreage
735
370

In the PA, Public lands that are vulnerable and at risk: now there are 6 acres behind
dikes north of Park Avenue, by 2030 11 acres and in 2050 13 acres and by 2100 31
acres. There are 339 acres that are projected to not be inundated by 2100.
In the City approximately 18% (132 acres) of Public land could be tidally inundated by
2050, while areas that are vulnerable and at risk increase 10% by 2100 to 28% (208
acres) (Figure 10). A significant 72% (527 acres) of the Public land in the City is
projected to not be tidally inundated by 2100. In the PA, 4% (13 acres) of the Public
lands could be tidally inundated by 2050 increasing to 9% (31 acres) by 2100. But 92%
(339 acres) of the PA’s Commercial lands are projected to not be tidally inundated by
2100.
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Figure 10.
Public land and percentage of total area in the City of Eureka and its Planning
Area that potentially could be tidally inundated in 2015 and by 2030, 2050, and 2100 as well as
the area that is not likely to be inundated.

2.2.6 Residential
There are no Residential zoned lands in the City that are vulnerable or at risk from tidal
inundation by 2100 based on the high projection for MMMW (13.1 feet NAVD 88). In the
PA, Residential lands that are vulnerable and at risk: now there are 182 acres in:
Indianola area east of Walker Point, Third Slough, Martin Slough, east of King Salmon
and U.S. Highway 101, and Fields Landing, by 2030, 239 acres south of Myrtle Avenue
near Pigeon Point, Martin Slough, King Salmon and Elk River east of Humboldt Hill and
east of U.S. Highway 101, by 2050, 262 acres in Indianola east of Walker Point, Pigeon
Point, Third Slough, Martin Slough, King Salmon and east of U.S. Highway 101, and Elk
River east of Humboldt Hill, and by 2100, 378 acres in King Salmon and east of U.S.
Highway 101, Elk River east of Humboldt Hill, Fields Landing, and Fairhaven (Table 7).

Table 7.
Residential lands in the Planning Area that are potentially vulnerable now if
shoreline structures fail and to sea level rise by 2030, 2050, and 2100 as well as the acres that
are not likely to be tidally inundated by 2100, and total acres.
RESIDENTIAL
Planning Area

Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated
182
239
262
378
6144
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In the City there are no areas that are vulnerable or at risk from tidal inundation by 2100
(Figure 11). In the PA, just 4% (262 acres) of the Residential lands could be tidally
inundated by 2050 increasing to 6% (378 acres) by 2100. Most of these Residential
lands reside in Fairhaven, King Salmon and Fields Landing. Projected sea level rise will
likely be significant to these communities. But 94% (6,522 acres) of the PA’s Residential
lands are projected to not be tidally inundated by 2100 (Figure 11, Figure 12, Figure 13,
Figure 14).

Figure 11.
Residential land and percentage of total area in the City and its Planning Area
that potentially could be tidally inundated in 2015 and by 2030, 2050, and 2100 as well as the
area that is not likely to be inundated.
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2015

Figure 12.
Areas in the City of Eureka and its Planning Area vulnerable to tidal inundation in
2015 (7.7 feet) by zoning classification.
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2050

Figure 13.
Areas in the City of Eureka and its Planning Area vulnerable to tidal inundation
by 2050 (9.6 feet) by zoning classification.
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2100

Figure 14.
Areas in the City of Eureka and its Planning Area vulnerable to tidal inundation
by 2100 (13.1 feet) by zoning classification.
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2.3 Susceptibility
The Coastal Commission defines “susceptibility” as the degree to which a system
(asset) is affected adversely either directly or indirectly by sea level rise (CCC 2015). An
assets susceptibility is an element of its vulnerability to exposure and inability to cope
with adverse effects of sea level rise.
Urban lands and developments, unprotected, are susceptible to a large degree to tidal
inundation, salt water intrusion, and flooding. These sea level rise impacts are expected
to occur to urban lands and their developments in the City and PA by 2050 and
increasingly through 2100 based on projected increases in tidal elevations as result of
relative sea level rise. Urban lands and their developments that are being protected now
by shoreline structures like dikes could be adversely affected much sooner than 2050
by erosion and breaching that could result in the tidal inundation of urban lands and
developments behind the dikes. Sea level rise is projected to overtop protective dikes
and filled shorelines extensively from 2050 through 2100 that may cause tidal
inundation, and saltwater intrusion. Sea level rise will also increase the elevations of
extreme 100-year events (1% probability of occurring in any year), which could cause
flooding of urban areas. The infrastructure (local streets) and utilities (wastewater,
drinking water, electricity, natural gas, and communications) that support urban lands
uses could also be adversely affected by 2050 and increasingly through 2100 by tidal
inundation and flooding. If tidal inundation or flooding of urban lands and their
developments is allowed to occur, they could cause these lands and developments to
be abandoned.
While urban lands and developments are susceptible to sea level rise impacts they can
in some locations adapt and be protected from, or accommodate, increasing tidal
elevations. Adaptation measures and strategies will be explored by the City for priority
assets that are vulnerable and at risk to sea level rise.

2.4 Consequence
Consequence is an element of risk combined with the likelihood of an event like sea
level rise (CCC 2015). What is the likely consequence, result or effect, to the community
of sea level rise impacts on an asset? The consequence to the community of the loss or
impairment of an asset’s functions or services is also a measure of how critical,
important or significant or relevant, that asset is to the community.
What are the consequences to the community if its urban lands and developments are
impaired by sea level rise? The City’s urban zones and acreages that are potentially
vulnerable and at risk by 2100 to sea level rise are: CDI (113 acres), Industrial (172
acres), Commercial (60 acres), and Public (31 acres) likely impacts are: tidal inundation,
salt water intrusion, and flooding. In the PA urban zones and acreages that are
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potentially vulnerable and at risk to sea level rise by 2100 are: CDI (418 acres),
Industrial (158 acres), Commercial (321 acres), Commercial Recreational (94 acres),
Public (208 acres), and Residential lands (378 acres).
In the City, the potential loss of 93% of its CDI property, development, and all of its bulk
cargo docks to sea level rise would be significant if its desires to continue to function as
a sea port. In the PA, 557 acres of CDI zoned property with bulk cargo docks on the
Samoa Peninsula would likely not be impacted by sea level rise projections for 2100.
The loss of 43% of the PA’s CDI zoned property would not be as consequential to the
Humboldt Bay region as the City losing 93% of its CDI property would be to the City.
In the City nearly all, 96%, of Industrial zoned areas are projected to be tidally inundated
by 2100. By 2050, only 17% (47 acres) of the City’s Industrial zoned areas may be
tidally inundated. There may be sufficient time to relocate Industrial developments,
which are not coastally dependent uses before 2100. It is likely that the City would zone
new areas for Industrial uses that would not be tidally inundated in 2100. The loss of the
current 172 acres of Industrial zoned areas to tidal inundation by 2100 may not be
significant to the City if it can find new areas to relocate its Industrial zone. In the PA,
17% (99 acres) of the Industrial lands could be tidally inundated by 2050 increasing to
potentially 27% (158 acres) by 2100. However, 73% (429 acres) of the PA’s Industrial
lands are projected to not be tidally inundated by 2100. The loss of 27% of the Industrial
zoned areas to sea level rise in the PA would not appear to be consequential to the
Humboldt Bay region.
In the City, 43% (321 acres) of its Commercial zoned areas are potentially vulnerable
and at risk from sea level rise by 2100. By 2100, 57% (430 acres) of the Commercially
zoned areas are not projected to be tidally inundated. Similar to addressing the loss of
Industrial zoned areas, if the City can find new areas to relocate its Commercially zone
the projected loss to sea level rise may not be significant. In the PA, 27% (60 acres) of
the Commercial zoned areas could be tidally inundated by 2100, leaving 75% (180
acres) not projected to be tidally inundated. This potential loss of Commercial areas in
the PA does not seem consequential to the Humboldt Bay region.
In the City, 28% (208 acres) of Public land could be tidally inundated by 2100. All of
these Public lands are located in the CZ and provide public access and recreational
opportunities to Humboldt Bay. While not a significant percentage of the Public land
zone is potentially vulnerable and at risk from sea level rise these lands and
developments provide valuable and protected services to the general public. If the
developments in these Public zoned areas cannot be relocated their loss could
significant to the City and Humboldt Bay region. In the PA, only 9% (31 acres of Public
zoned land may be tidally inundated by 2100, and 92% (339 acres) would still be able to
provide services to the public. The loss of these 31 acres of Public zoned lands in the
PA if not replaced at new locations would likely not be a consequential loss to the
general public.
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In the City there are no Residential zoned lands that may be tidally inundated by 2100.
But in the PA, there are 6% (378 acres) that could be tidally inundated by 2100. Most of
these Residential lands are located in disadvantaged communities of Fairhaven, King
Salmon and Fields Landing. Projected sea level rise impacts such as tidal inundation of
residential lands and salt water intrusion of underground utilities from 2050 through
2100 will likely be significant to the continued occupancy of these communities. If the
housing units that are potentially vulnerable and at risk from projected sea level rise are
not replaced elsewhere the quantity of affordable housing in the PA, may be reduced.
The loss of these communities would be significant to their residents and to the
Humboldt Bay region.

2.5 Priority
Each asset will be prioritized for the 2050 and 2100 planning horizon based on: its
exposure to sea level rise impacts, susceptibility to expected impacts, and the
consequence of the loss or impairment of the asset to the City, its criticality. Assets are
given a priority ranking to facilitate the City in its selection of assets for development of
adaptation measures and strategies.
The CDI urban zone in the City may begin to be exposed by 2050 (30%) and by 2100
92% could be tidally inundated. The CDI lands and developments are very susceptible
to sea level rise impacts. The consequence of the loss or impairment of CDI zoned
areas in 2050 is not significant but by 2100 the extent of potential loss of CDI areas and
developments would be consequential to the City. CDI zoned areas in the City were
given a ranking of 4 by 2050 and 6 by 2100 (Figure 15).
The CDI urban zone in the PA may begin to be exposed by 2050 (12%) and by 2100
30% could be tidally inundated. The CDI lands and developments are very susceptible
to sea level rise impacts. The consequence of the loss or impairment of CDI zoned
areas in 2050 is not consequential but by 2100 the extent of potential loss of CDI areas
and developments would be of some consequence in the PA. CDI zoned areas in the
PA were given a ranking of 3 by 2050 and 4 by 2100.
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Figure 15.
Priority ranking of urban zoned areas in the City and its Planning Area for 2050
and 2100 that can be used to determine priority for adaptation planning.

The Industrial urban zone in the City may be exposed by 2050 (26%) and by 2100 96%
could be tidally inundated. The Industrial lands and developments are very susceptible
to sea level rise impacts. The consequence of the loss or impairment of Industrial zoned
areas in 2050 is not significant but by 2100 the extent of potential loss of Industrial
areas and developments would be consequential to the City. Industrial zoned areas in
the City were given a ranking of 4 by 2050 and 6 by 2100.
The Industrial urban zone in the PA will begin to be exposed by 2050 (17%) and by
2100 27% could be tidally inundated. The Industrial lands and developments are very
susceptible to sea level rise impacts. The consequence of the loss or impairment of
Industrial zoned areas in 2050 is likely not going to be important but by 2100 the extent
of potential loss of Industrial areas and developments would be of some consequence
in the PA. Industrial zoned areas in the PA were given a ranking of 3 by 2050 and 4 by
2100.
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The Commercial urban zone in the City may be exposed by 2050 (22%) and by 2100
25% could be tidally inundated. The Commercial lands and developments are very
susceptible to sea level rise impacts. The consequence of the loss or impairment of
Commercial zoned areas in 2050 and 2100 is not likely to be significant to the City.
Commercial zoned areas in the City were given a ranking of 4 by 2050 and 4 by 2100.
The Commercial urban zone in the PA will begin to be exposed by 2050 (16%) and by
2100 43% could be tidally inundated. The Commercial lands and developments are very
susceptible to sea level rise impacts. The consequence of the loss or impairment of
Commercial zoned areas in 2050 is likely not going to be important but by 2100 the
extent of potential loss of Commercial areas and developments would be of some
consequence in the PA. Commercial zoned areas in the PA were given a ranking of 4
by 2050 and 5 by 2100.
The Public urban zone in the City may be exposed by 2050 (4%) and by 2100 9% could
be tidally inundated. The Public lands and developments are very susceptible to sea
level rise impacts. The consequence of the loss or impairment of Public zoned areas
may significantly reduce coastal access by the general public in 2050 and 2100 which is
likely to be significant to the City. Public zoned areas in the City were given a ranking of
5 by 2050 and 5 by 2100.
The Public urban zone in the PA will begin to be exposed by 2050 (18%) and by 2100
28% could be tidally inundated. The Public lands and developments are very
susceptible to sea level rise impacts. The consequence of the loss or impairment of
Public zoned areas may significantly reduce coastal access by the general public in
2050 and 2100 which is likely to be significant in the PA. Public zoned areas in the PA
were given a ranking of 5 by 2050 and 5 by 2100.
The Residential urban zone in the PA will begin to be exposed by 2050 (4%) and by
2100 6% could be tidally inundated. The Residential lands and developments are very
susceptible to sea level rise impacts. The consequence of the loss or impairment of
Residential zoned areas in 2050 is important and by 2100 the likelihood of potential loss
of Residential areas and developments because the affected areas are disadvantaged
communities would be of some consequence in the PA. Residential zoned areas in the
PA were given a ranking of 5 by 2050 and 5 by 2100.
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3 Coastal Resources
3.1 Description
Coastal resources are lands and resources protected from most development activities.
They are located in the CZ and have been zoned by the City as Coastal Agricultural,
Natural Resources, and Conservation or Development Waters. In the PA, coastal
resources also include areas zoned Commercial Recreation. Coastal habitat areas that
are particularly sensitive to disturbances are further considered environmentally
sensitive habitat areas (ESHA). On Humboldt Bay, in the City and its PA, ESHA often
contain tidal–brackish–freshwater aquatic species and wetlands, as well as easily
disturbed dune and wildlife habitats. Humboldt Bay, or Wigi, is home to the Wiyot
people and there are significant cultural resources around the perimeter of the bay and
on its islands. While most of these cultural resources are not specifically designated
Historic sites, they are nonetheless protected coastal areas. There are cultural Wiyot
sites that are vulnerable and at risk from projected sea level rise. The results of the
vulnerability and risk assessment of cultural sites to sea level rise will not be presented
in this report. Information on these cultural sites is available from the City or Wiyot Tribe
on request. Public access to Humboldt Bay along with its shoreline is another important
and protected coastal resource.
In the City, a large portion of the coastal resources (agricultural lands 91% and
freshwater wetlands 89%) are located in low-lying areas that are less than 14 feet
(NAVD 88) in elevation and are potentially vulnerable and at risk to tidal inundation from
projected relative sea level rise by 2100. Dune habitat areas are at risk from shoreline
erosion as it is projected that sea levels may rise by 5.4 feet through 2100. In the PA,
most coastal resources (agricultural lands 46% and freshwater wetlands 84%) are also
located in low-lying areas that are less than 14 feet (NAVD 88) in elevation and are
potentially vulnerable and at risk to projected relative sea level rise elevations for 2100.
3.1.1 Agricultural Lands
In the City, Agricultural zoned property is located primarily on Eureka Slough in an area
bound by Eureka–Fay Sloughs, and an area off of Elk River Slough. The agricultural
zoned properties along Eureka–Fay Sloughs are former tidelands that were diked off
more than a century ago. There are approximately 3.3 miles of shoreline dikes
protecting this area. Agricultural uses are principally permitted on lands zoned
Agricultural Exclusive or Coastal Agricultural. Approximately 1.2 miles of the shoreline
along Eureka-Fay Sloughs are rated highly vulnerable to erosion or overtopping and are
susceptible to breaching (Figure 16). A significant portion of the diked agricultural lands
along Eureka–Fay Sloughs also support seasonal freshwater emergent wetlands in the
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winter and spring, which are ESHA owned by California Department of Fish and Wildlife
(DFW) who manages the area as a wildlife reserve where agricultural grazing practices
are employed.
In the PA, Agricultural zoned properties are located on Eureka and Elk River Sloughs.
The agricultural zoned areas in Eureka Slough area are also on diked former tidelands
that are primarily privately owned. In the PA, there are 11 miles of diked shoreline on
Eureka Slough protecting agricultural lands. These diked former tidelands also support
seasonal freshwater emergent wetlands in the winter and spring. The low-lying Elk
River bottom land is also zoned for Agricultural uses and DFW has a wildlife reserve
unit on these agricultural lands as well. While much of Elk River bottom land is not
former tidelands, it was formed by riverine alluvial deposits, it is nonetheless diked (2.9
miles) and potentially vulnerable and at risk today to tidal inundation, most likely as a
result of the nearly 18 inches in relative sea level rise the area has experienced this last
century. The diked floodplain and bottom land of Elk River also supports seasonal
freshwater emergent wetlands.
3.1.2 Environmentally Sensitive Habitat Areas
In the City, there are three rural land use zones: Agricultural, Natural Resources, and
Water areas to the west, south and north of the urban core. Within the City, there are
also three islands in Humboldt Bay: Woodley, Duluwat (Indian), and Daby. The islands
are predominately zoned Natural Resources with the exception of an area on Woodley
Island, where dredged sediment was placed as fill. The filled area is now zoned Public
Facility/Marina and is owned by the Humboldt Bay Harbor, Recreation and
Conservation District.
As described earlier, diked former tidelands used for agriculture also support seasonal
freshwater emergent wetlands, ESHA, in the winter and spring. In the City, most of the
Agricultural zoned property and seasonal freshwater emergent wetlands are owned by
DFW and the City. Most of the Natural Resource zoned lands in the City are also
publicly owned (by the City and Humboldt Bay National Wildlife Refuge) and support
environmentally sensitive habitat areas such as inter-tidal wetlands and salt marsh. The
City also owns the unique landform known as Elk River Spit with its beach, dune,
riparian, submergent freshwater wetland, and inter-tidal wetland habitats. In the PA,
Natural Resource zoned lands are also predominately publicly owned and support dune
habitats located on Samoa Peninsula (Bureau of Land Management), southern portion
of Elk River Spit, and in King Salmon (HBHRCD), with one area of restored inter-tidal
wetlands (salt marsh) on Freshwater Slough (HBHRCD). The City has zoned its state
granted lands in Humboldt Bay Conservation Waters located roughly north of the
Samoa Bridge and Development Waters south of Samoa Bridge. In the PA, Commercial
Recreational lands with a wetlands overlay are located in King Salmon.
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There are five types of wetland/aquatic environmentally sensitive habitat areas that
occur in the City and its PA which are potentially vulnerable and at risk from tidal
inundation (Table 8). The largest area that is potentially vulnerable and at risk from tidal
inundation are freshwater emergent wetlands (3,265 acres), which are seasonal in
nature. The U.S. Fish and Wildlife wetland delineation maps (2013) of the PA depict a
12.6-acre area at the end of Fay Slough as freshwater pond, when in fact it is diked
former tidelands that was breached by king tides in 2010 and since has converted to
inter-tidal wetlands.

Table 8.
Environmentally sensitive habitat areas acreage potentially vulnerable and at risk
from tidal inundation by 2100 in the City of Eureka and its Planning Area.
Environmentally sensitive
habitat areas
Estuarine/marine wetlands
Freshwater emergent wetlands
Freshwater forest/shrub wetlands
Freshwater pond
Riverine
Coastal dune
Total

CITY

PA

Total

378
513
122
11
18
47
1,089

469
2,752
289
32
49
58
3,649

847
3,265
411
43
677
105
4,738

3.2 Exposure
3.2.1 Agricultural Lands
Agricultural lands in the City and PA protected by earthen dikes are not being tidally
inundated. Agricultural lands in the City and PA are potentially vulnerable and at risk
now to tidal inundation if the protective earthen dikes are breached or overtopped.
Compounding the vulnerability and risk of these lands to tidal inundation is the nearly 1
foot of tectonic subsidence that has occurred on Humboldt Bay since these lands were
originally diked in the 1890s. Many segments of dikes protecting agricultural lands in the
City are not fortified and susceptible to erosion.
Agricultural lands in the City and PA are currently protected from tidal inundation by
earthen dikes built on the shoreline of Eureka and Elk River Sloughs. The integrity of
these dikes is currently threatened by bank erosion and overtopping during MAMW
tides (8.78 feet NAVD 88) and 100-year storms (9.99 feet NAVD 88). Currently, there
are 7.2 miles (50%) of dikes on Eureka Slough (Figure 16) and 2.7 miles (93%) on Elk
River Slough (Figure 17) that are rated highly vulnerable to erosion and breaching or
being overtopped by extreme tides and storms that exceed 9.7 feet (NAVD 88). If these
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dikes were to be breached, potentially all of the agricultural lands behind the
compromised dikes could become tidally inundated. Rising tides and extreme storms
may overtop existing dikes unless their elevations are increased. Rising tidal elevations
and continual subsidence may also adversely affect drainage, resulting in the
agricultural lands remaining saturated for longer periods of time. Rising ground water
elevation in response to rising tidal elevations could cause vegetative conversions from
pasture grasses to submergent and emergent wetland species. Productivity of these
agricultural lands as measured in animal units per acre may decline with increased
frequency and duration of soil saturation. Tidal inundation or salt water intrusion could
make these agricultural lands unsuitable for grazing.

Figure 16.
Eureka Slough (including Fay, Freshwater, and Ryan Sloughs) unit shoreline
vulnerability rating: red is high, yellow is moderate, and green is low.
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Figure 17.
Elk River Slough unit (including Swain Slough) shoreline vulnerability rating: red
is high, yellow is moderate, and green is low.

In the City, 88.2% (546 acre) of the agricultural lands potentially are vulnerable and at
risk of being tidally inundated by the high projection for MMMW in 2050 (9.64 feet NAVD
88) and 91.9% (569 acres) by 2100, leaving 8.1% (50 acres) that are likely to not be
inundated (Figure 18). In the PA, 43% (2,007 acres) of the agricultural lands potentially
are vulnerable and at risk of being tidally inundated by the high projection for MMMW in
2050 and 46.4% (2,164 acres) by 2100, leaving 53.7% (2,511 acres) that are likely to
not be inundated (Table 9).
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Figure 18.
Agricultural lands and percentage of total area in the City and its Planning Area
that potentially could be tidally inundated in 2015 and by 2030, 2050, and 2100 as well as the
area that is not likely to be inundated.

Table 9.
Cumulative acreage of agricultural lands potentially vulnerable and at risk from
tidal inundation in the City of Eureka and its Planning Area, total acreage and area likely not
tidally inundated.
AGRICULTURAL LANDS Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated Total Acreage
526
541
546
569
50
619
City of Eureka
1849
1960
2007
2164
2511
4675
Planning Area

2015
In 2015, the diked shoreline protecting agricultural lands in the City is currently higher
than MMMW of 7.7 feet (NAVD 88), but they are potentially vulnerable and at risk in a
few locations from MAMW of 8.8 feet (NAVD 88). In the City, if dikes were breached or
overtopped now, potentially most of the agricultural land (85%, 526 acres) could be
vulnerable and at risk from tidal inundation (Figure 19). Currently in the City, there are
1.2 miles of dikes that are rated highly vulnerable either to breaching from shoreline
erosion (0.8 miles) or being overtopped (0.4 miles) if extreme tides and storm surges
exceed 9.7 feet (NAVD 88) and 100-year storms (9.99 feet NAVD 88), which is just 2
feet above the current MMMW elevation (Figures 19 and 20).
In the PA, all of Eureka, Freshwater, Fay, and Ryan Slough channels are diked and
virtually all of the former tidelands in these areas are potentially vulnerable and at risk
from tidal inundation if the shoreline is breached or overtopped (Error! Reference
source not found.). Mean monthly maximum tides of 7.7 feet (NAVD 88) could overtop
a few segments (689 feet) of diked shoreline on Eureka Slough, but MAMW of 8.8 feet
(NAVD 88) could overtop 0.4 miles. On Elk River Slough, approximately 0.4 miles of
dikes are potentially vulnerable and at risk from tidal inundation if the dikes are
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overtopped by MMMW of 7.7 feet (NAVD 88) and 1.5 miles by MAMW of 8.8 feet
(NAVD 88) (Figures 19 and 20). In 2015, approximately 2,164 acres (46.4%) of the
agricultural land in the PA is potentially vulnerable and at risk from tidal inundation
(Figure 22).
Currently, in Eureka, Freshwater, Fay, and Ryan Sloughs, there are 6.0 miles of dikes
that are rated highly vulnerable to either breaching due to shoreline erosion (4.0 miles)
or being overtopped (2.0 miles) if extreme tides and storm surges exceed 9.7 feet
(NAVD 88) (Error! Reference source not found.). In Elk River Slough, nearly all (93%)
of the dikes on the lower reaches of Elk River and Swain Sloughs are rated highly
vulnerable to either to breaching from shoreline erosion (0.5 miles), or being overtopped
(2.2 miles) if tides or storm surges exceed 9.7 feet (Error! Reference source not
found.).
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Figure 19.
Agricultural lands in the City of Eureka and its Planning Area that could be tidally
inundated if dikes are compromised in 2015 by mean monthly maximum tides of 7.7 feet (NAVD
88).

2030
In the City by 2030, MMMW elevations based on the high projection could increase to
8.6 feet (NAVD 88) and potentially overtop approximately 0.1 miles of dikes, if dike
elevations are not raised. By 2030, MAMW elevations based on the high projection
could rise to 9.7 feet (NAVD 88), and 0.4 miles of dikes could be vulnerable and at risk
of being overtopped. Approximately 541 acres, which is 87.4% of the agricultural land in
the City, could be tidally inundated if the dikes are compromised.
In the PA, MMMW could potentially overtop dikes on approximately 1.3 miles (0.2 miles
on Eureka Slough and 1.1 miles on Elk River Slough), if dike elevations are not raised.
By 2030 MAMW could rise to 9.7 feet (NAVD 88) and potentially overtop 2.0 miles of
dikes on Eureka Slough and 2.2 miles on Elk River Slough. Approximately 1,960 acres,
which is 42% of the agricultural land in the PA, could potentially be tidally inundated
(Figure 20).
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Figure 20.
Agricultural lands in the City of Eureka and its Planning Area that could
potentially be tidally inundated by 2030 by mean monthly maximum tides of 8.6 feet (NAVD 88).

2050
By 2050 in the City, MMMW could increase to 9.6 feet (NAVD 88) based on the high
projection and 0.4 miles of dikes would be at risk of being overtopped. Mean annual
maximum tides could rise to 10.7 feet 9NAVD 88), which could potentially overtop
approximately 2.5 miles of dikes (76%) in the City, if dike elevations are not raised.
Approximately 546 acres, which is 88.2% of the agricultural land in the City, could
potentially be tidally inundated if the dikes are compromised. Mean low tides are also
projected to increase by as much as 1.9 feet by 2050, which may reduce drainage
capacity of these diked lands even if their shorelines remain intact.
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In the PA, MMMW could make 2.0 miles of dikes potentially vulnerable and at risk of
being overtopped. Mean annual maximum tides could rise to and potentially overtop 4.4
miles of dikes. The combined length of dikes overtopped in the City and PA could be 6.9
miles (48%) of dikes on Eureka Slough and 2.7 miles (92%) on Elk River Slough. By
2050, 2,007 acres (43%) of agricultural lands in the PA could be vulnerable and at risk
from tidal inundation (Figure 21).

Figure 21.
Agricultural lands in the City of Eureka and its Planning Area that could
potentially be tidally inundated by 2050 by mean monthly maximum tides of 9.6 feet (NAVD 88).
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2070–2100
By 2070 in the City, MMMW could increase to as high as 10.9 feet and to 13.1 feet
(NAVD 88) by 2100. By 2070, 75% of the dikes could potentially be overtopped along
Eureka–Fay Sloughs and all of the dikes there could be overtopped by 2100 (Figure
22). In the City, approximately 569 acres, 91.9% of its agricultural land could be
vulnerable and at risk of being tidally inundated.
In the PA by 2070, 6.9 miles of Eureka Slough’s dikes could be overtopped, and by
2100, 14.0 miles (97%), if dike elevations are not raised. On Elk River Slough by 2070,
2.9 miles of dikes could be overtopped and 100% by 2100. Low tides could increase 3.2
feet by 2070, which may greatly impair drainage of these diked lands. By 2100, 2,164
acres (46.4%) of Agricultural zoned property in the PA could be tidally inundated, and
5.4 feet of sea level rise may result in salt water intrusion of these diked agricultural
lands, making them unfit for grazing (Figure 22).
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Figure 22.
Agricultural lands in the City of Eureka and its Planning Area that could
potentially be tidally inundated in 2100 by mean monthly maximum tides of 13.1 feet (NAVD 88).
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3.2.2 Environmentally Sensitive Habitat Areas
The 847 acres of estuarine and marine wetlands on Arcata Bay and the three islands
are vulnerable to wave induced erosion. But it is important to note that nearly all of the
estuarine and marine wetlands (salt marsh), particularly the areas currently below
MMMW of 7.7 feet (NAVD 88), are potentially vulnerable and at risk of “drowning” by
rising tides projected to reach up to 5.3 feet by 2100. Salt marsh habitat on Duluwat and
Daby Islands have nowhere to migrate. All of the other salt marsh areas in the City and
PA are essentially surrounded by high ground or artificial structures such as railroad
grades and U.S. Highway 101, and also have nowhere to migrate with rising tidal
elevations. Salt marsh that is not able to migrate to higher elevations may start to drown
and convert to mudflat after 2050, when the high projections for sea level rise rates are
expected to accelerate faster than the rates of accretion necessary for salt marsh to
stay in place.
By 2050, nearly all of the freshwater aquatic/wetland ESHA in the City, 96% (498 acres)
and in the PA 85% (2,615 acres) are potentially vulnerable and at risk from being tidal
inundated (Figure 23), which will cause a conversion of freshwater wetlands to salt
water wetlands. These ESHA are predominantly located on diked former tidelands,
which are currently potentially vulnerable and at risk from tidal inundation as a result of
shoreline erosion or overtopping breaching the dikes. By 2100, in the City 98.8% and
the PA 89.4% of the freshwater aquatic/wetland ESHA potentially could be tidally
inundated. Only 6 acres in the City and 326 acres of freshwater aquatic/wetland ESHA
could possibly avoid tidal inundation by 2100 (Table 10). Again, this exposure is a
consequence of the fact that these wetlands are located behind earthen dikes that are
potentially vulnerable and at risk from breaching and overtopping resulting tidal
inundation of the lands currently being protected.
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Figure 23.
Seasonal freshwater wetlands (ESHA) percentage of total area in the City and its
Planning Area that potentially could be tidally inundated in 2015 and by 2030, 2050, and 2100
as well as the area that is not likely to be inundated.

Table 10.
Cumulative acreage of freshwater wetlands potentially vulnerable and at risk
from tidal inundation in the City of Eureka and its Planning Area, total acreage and area likely
not tidally inundated.
FRESHWATER WETLANDS Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated Total Acreage
2,418
2,565
2,615
2,752
326
3,078
Planning Area
470
494
498
513
6
519
City of Eureka

The unique beach and dune ESHA on the west shore of Elk River Spit are at risk from
shoreline erosion and retreat, as well as tidal inundation from 5.3 feet of projected sea
level rise by 2100 and 100-year storms that could reach 15.2 feet (NAVD 88). These
ESHA and the Elk River Spit itself may also be adversely impacted if the supply of sand
or circulation of sediment in the bay is altered by sea level rise.
2015
In 2015, the City, the majority of the freshwater wetlands are on diked former tidelands
along the banks Eureka and Fay Sloughs. These ESHA are currently potentially
vulnerable and at risk of being tidally inundated if the dikes are breached by erosion or
overtopped (Figure 24). There are 1.2 miles of dikes that are rated highly vulnerable
either to breaching from shoreline erosion (0.8 miles) or being overtopped (0.4 miles) if
water elevations exceed 9.7 feet (NAVD 88), just 2 feet above MMMW (7.74 feet NAVD
88). If the diked shoreline protecting these freshwater ESHA are not breached or
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overtopped, then these ESHA could persist until conditions change. There are 358
acres of estuarine/marine wetlands on the three islands, Second Slough, and along the
NCRA railroad in Arcata Bay that are exposed to erosive wave energy from MAMW
tides (8.78 feet NAVD 88) and extreme 100-year storms (9.99 feet NAVD 88).

Figure 24.
Environmentally sensitive habitat areas in the City of Eureka and its Planning
Area that could potentially be tidally inundated if dikes are compromised in 2015 by the mean
monthly maximum tide of 7.7 feet (NAVD 88).
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In the PA, 2,418 acres of seasonal freshwater emergent wetlands (79%) located on
diked former tidelands in Eureka Slough (Eureka, Fay, Freshwater and Ryan Sloughs)
and Elk River Slough (Elk and Swain Sloughs). Similar to the City, these ESHA are
vulnerable and at risk now from being tidally inundated if the dikes are breached by
erosion or overtopped (Figure 24). On Eureka Slough, there are 0.4 miles of dike are
vulnerable to being overtopped by MAMW (8.78 feet NAVD 88), and 2.4 miles by 2 feet
of sea level rise. On Elk River Slough, there are 1.5 miles of dike vulnerable to being
overtopped by MAMW, and 2.2 miles by 2 feet of sea level rise. In the Elk River, nearly
1 foot of valley tectonic subsidence over the last century has made the area more
vulnerable to tidal inundation. There are 2.1 miles of natural shoreline (un-diked) that is
at risk of being overtopped by a MAMW (8.78 feet NAVD 88), and 2.6 miles by 2 feet of
sea level rise. The freshwater ESHA on Elk River Slough are potentially vulnerable and
at risk now. There are also 437 acres of estuarine/marine wetlands at risk on Third
Slough and Elk River Slough exposed to erosive wave energy during MMMW of 7.7 feet
(NAVD 88).
2030
In the City by 2030, there are only an additional 24 acres of seasonal freshwater
emergent wetlands and 32 additional acres of riparian areas potentially vulnerable and
at risk from a high projection of 0.9 feet of sea level rise, MMMW could rise to 8.6 feet
(NAVD 88). There are also 11 additional acres of estuarine/marine wetlands and 13
additional acres of coastal dunes potentially vulnerable and at risk from sea level rise
(Figure 25, Table 10).
In the PA, there are an additional 147 acres of seasonal freshwater emergent wetlands
and 53 additional acres of riparian areas potentially vulnerable and at risk from tidal
inundation. There are also 17 additional acres of estuarine/marine wetlands and 15
additional acres of coastal dunes potentially vulnerable and at risk from sea level rise
(Figure 25, Table 10).
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Figure 25.
Environmentally sensitive habitat areas and non-wetland areas in the City of
Eureka and its Planning Area that could potentially be tidally inundated by 2030 by the mean
monthly maximum tide of 8.6 feet (NAVD 88).

2050
In the City, by 2050 compared to 2015, there are an additional 28 acres of seasonal
freshwater emergent wetlands and 45 acres of riparian areas that are potentially
vulnerable and at risk from tidal inundation if the high projection for sea level rise of 1.9
feet is reached MMMW could be 9.6 feet (NAVD 88). There are also 13 additional acres
of estuarine/marine wetlands, and 20 additional acres of coastal dunes that are
potentially vulnerable and at risk from tidal inundation (Figure 26, Table 10).
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In the PA, by 2050 compared to 2015, there are an additional 197 acres of seasonal
freshwater emergent wetlands and 78 additional acres of riparian areas potentially
vulnerable and at risk from tidal inundation. There are also 21 additional acres of
estuarine/marine wetlands and 23 additional acres of coastal dunes areas potentially
vulnerable and at risk from tidal inundation (Figure 26, Table 10).

Figure 26.
Environmentally sensitive habitat areas and non-wetland areas in the City of
Eureka and its Planning Area that could potentially be tidally inundated by 2050 by the mean
monthly maximum tide of 9.6 feet (NAVD 88).
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2100
In City, by 2100 compared to 2015, there are an additional 43 acres of seasonal
freshwater emergent wetlands and 74 additional acres of riparian areas potentially
vulnerable and at risk from tidal inundation if the high projection for sea level rise of 5.4
feet is reached MMMW could reach of 13.1 feet (NAVD 88). There are also 20
additional acres of estuarine/marine wetlands and 41 acres of coastal dunes at risk
(Figure 27, Table 10).

Figure 27.
Environmentally sensitive habitat areas and non-wetland areas in the City of
Eureka and its Planning Area that could potentially be tidally inundated by 2100 by the mean
monthly maximum tide of 13.1 feet (NAVD 88).
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In the PA, by 2100 compared to 2015, there are an additional 334 acres of seasonal
freshwater emergent wetlands and 188 additional acres of riparian areas at risk from the
mean monthly maximum tide of 13.1 feet (5.4 feet). There are also 32 additional acres
of estuarine/marine wetlands and 51 additional acres of coastal dunes areas potentially
vulnerable and at risk from tidal inundation (Figure 27, Table 10).

3.3 Susceptibility
Agricultural lands and freshwater wetland environments they support could be
significantly and adversely affected, very susceptible, by salt water inundation. These
agricultural lands and freshwater wetland environments may be less susceptible to
flooding from a 100-year storm if the areas were able to drain. Salt water inundation
would convert the freshwater vegetation to brackish and/or saltwater vegetation, or
possibly mud flats depending on their surface elevation. If tidally inundation were to
occur that would be a significant adverse impact to grazing, the primary agricultural and
significant waterfowl use of these lands. These agricultural lands and freshwater
wetlands are being protected now by shoreline structures, dikes, that could be
adversely affected if they are breached or overtopped that could result in the tidal
inundation of the lands and wetlands behind these dikes. Sea level rise is projected to
potentially overtop protective dikes and filled shorelines extensively from 2050 through
2100 that may cause tidal inundation, and saltwater intrusion. Sea level rise will also
increase the elevations of extreme 100-year events (1% probability of occurring in any
year), which could cause flooding of these diked areas.
Drainage from these diked lands could be reduced by rising tides on the order of 2 to 5
feet, which are the approximate high projections for 2050 and 2100. Reduced drainage
capabilities may increase flooding of the vegetation behind these dikes that provides
grazing for livestock and waterfowl. Rising ground water in response to rising tides may
also cause vegetative conversions from pasture grasses to submergent and emergent
wetland species.

3.4 Consequence
The loss of 2,733 acres of diked agricultural lands and their uses from tidal inundation to
the City and in the PA to the Humboldt Bay region would not be significant or
consequential to the agricultural industry of Humboldt County. The loss of sales tax
revenue to the City from 569 acres of agricultural land also would likely not be
significant, the reduction in property tax revenues to the City may not be significant
either as much of this area is State land. The loss of 3,265 acres of freshwater wetland
ESHA located on these diked lands from tidal inundation, would impact migrating
waterfowl and shore bird populations that utilize these areas. If the other diked lands on
Humboldt Bay and Eel River Delta were similarly impacted by tidal inundation in the
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same time frame in response to sea level rise, then the loss of these wetland acres in
the City and PA could be significant and cumulatively consequential to the wildlife and
people in the Humboldt Bay region.
The significance of these agricultural lands to the City is not in their agricultural
production per se but rather in their diked shorelines that not only protect these lands
but also protect important urban uses and developments such as Humboldt County’s
Murray Field Airport and U.S. Highway 101, and essential underground infrastructure:
City’s municipal water transmission lines, sewer lines, and sewer lift stations; PG&E’s
natural gas lines. Dike failure and tidal inundation of these lands would significantly
impair the City and others ability to access these underground utilities. The need to
protect these dikes is significant to the City and Humboldt Bay region until which time
the essential urban uses, developments, and underground utilities that are vulnerable
and at risk from tidal inundation can be protected or relocated.
Also while the significance of these agricultural lands may not be in their tax revenues,
these are nonetheless culturally significant historical landscapes in the Humboldt Bay
region. The Eureka Slough bottom-land provides the community with important open
space, wildlife habitats, and pastoral landscapes that help define the character of
Humboldt Bay. The loss of these diked former tidelands would be a significant impact to
this historical landscape, wildlife populations and the community.
These freshwater wetlands provide valuable grazing habitat for migratory waterfowl,
especially formerly federally listed Aleutian geese. The DFW has a wildlife reserve in
the City (Fay Slough) and in the PA (Elk River Slough) that serve these geese, as well
as other waterfowl and shorebirds. Both of these wildlife reserves are vulnerable and at
risk from tidal inundation now if the shoreline dikes are breached. Cumulatively, the
diked agricultural lands in South and Arcata Bay are similarly vulnerable and at risk from
tidal inundation if their dikes are breached. If this occurs, in response to extreme tides or
a 100-year storm or projected sea level rise, a significant amount of the suitable
Aleutian geese grazing habitat on Humboldt Bay may be lost, that would likely be
consequential.

3.5 Priority
In the City agricultural areas are vulnerable and at risk from tidal inundation, by 2050
546 acres (88.2%) and by 2100 569 acres (91.9%) could be tidally inundated. Pasture
vegetation on agricultural lands is very susceptible to tidal inundation. The consequence
of the loss or impairment of agricultural areas by 2050 would be significant but by 2100
the additional acreage that could be tidally inundate would not be consequential to the
City. Agricultural lands in the City were given a priority ranking of 6 by 2050 and 3 by
2100 (Figure 28).
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Figure 28.
Priority ranking of coastal resource areas in the City and its Planning Area for
2050 and 2100 that can be used to determine priority for adaptation planning.

In the PA there could be 2,007 acres (43%) of agricultural areas exposed to tidal
inundation by 2050 and by 2100 2,164 acres (46.6%). The consequence of the loss or
impairment of agricultural areas by 2050 would be significant but by 2100 the additional
acreage that could be tidally inundate would not be consequential in the PA. Agricultural
lands in the PA were given a priority ranking of 6 by 2050 and 3 by 2100.
Freshwater wetland areas in the City are vulnerable and at risk from tidal inundation by
2050 498 acres (96%) and by 2100 513 acres (98.8%). Freshwater wetland vegetation
is very susceptible to tidal inundation; prolonged exposure would cause the freshwater
vegetation be replaced by brackish or salt water vegetation. The consequence of the
loss or impairment of freshwater wetland areas by 2050 would be significant but by
2100 the additional acreage that could be tidally inundate would not be consequential to
the City. Freshwater wetlands areas in the City were given a ranking of 6 by 2050 and 2
by 2100 (Figure 28).
There could be 2,615 acres (85%) of freshwater wetland areas in the PA exposed to
tidal inundation by 2050 and by 2100 89.4%. The consequence of the loss or
impairment of freshwater wetland areas in 2050 would be significant but by 2100 the
additional acreage that could be tidally inundate would not be consequential to the PA.
Freshwater wetland areas in the PA were given a ranking of 6 by 2050 and 2 by 2100.
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4 Utilities
The City and its urban land uses are enabled by utilities that provide essential services.
Impairment of utility infrastructure can affect all land uses and properties served by the
affected utility. The utility infrastructure and services in the City and its PA are municipal
water, waste water, storm water, energy, solid waste, and communications. A critical
aspect of these utilities in relation to their exposure to sea level rise is their underground
location. The City is responsible for the maintenance and operation of its municipal,
waste, and storm water systems. The Humboldt Community Services District (HCSD) in
the PA also utilizes the Elk River Waste Water Treatment Facility and provides an
intertie to the City municipal water system. The infrastructure and operations for the
energy, solid waste, and communications utility services are the responsibility of private
companies or other public agencies.

4.1 Waste Water
4.1.1 Description
The City owns, operates, and maintains its waste water collection system and the Elk
River Waste Water Treatment Plant (WWTP) located in the City. In the PA, the HCSD
owns, operates, and maintains its waste water collection system and they have
purchased approximately 30% of the WWTP’s current capacity to serve some of
unincorporated communities through an inter-governmental agreement with the City.
The combined waste water collection and treatment system serves approximately
45,000 customers. There are no waste water collection or treatment systems in the
remainder of the PA outside of the HCSD’s jurisdiction.
The WWTP, constructed in 1982, is located on the shore of Elk River Slough. Its
facilities are greater than 15.0 feet in elevation. It is a trickling filter type system,
designed for peak dry weather flows of 9.5 million gallons per day (MGD) and a peak
wet weather design flow of 32 MGD. When the flow exceeds 12.5 MGD, the primarilytreated effluent is blended with secondarily-treated effluent, chlorinated, dechlorinated,
and discharged. When flows are approaching the design capacity of the plant, primarilytreated effluent is discharged to the “Overflow Marsh” with a perimeter dike that is less
11.0 feet in elevation (Figure 29), and held until it can be reintroduced back into the
secondary treatment process.
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Figure 29.
City of Eureka’s Elk River Waste Water Treatment Plant (WWTP), Elk River
Slough, and Humboldt Bay.

The average dry weather flow through the treatment plant is 5 MGD. HCSD’s average
daily contribution is between 1 and 2 MGD. Flows are electronically measured
throughout the City’s SCADA interface. The plant often approaches the peak wet
weather design flows (32 MGD) during storm and high tide events, indicating that the
collection system already has problems with inflow and infiltration (I/I).
Treated, dechlorinated waste water effluent is discharged by gravity flow into Humboldt
Bay on the outgoing tide through a 36-inch diameter outfall pipe that terminates in a
diffuser near the bottom center of the navigation channel west of Elk River Spit. The
siphon break (a tee in the pipe that is open to atmosphere) is located on the west side
of the Elk River Spit.
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Accumulated sludge from the primary treatment process is anaerobically digested,
stored in two facultative sludge lagoons with perimeter dikes that are greater than 15.0
feet in elevation, dewatered with a centrifuge, and applied as a soil amendment to areas
not in the tidal inundation zone for 2100.
Collection System
The collection system consists of an underground network of sewer pipes, manholes,
and lift and pump stations. Sewage is collected from residential, commercial, and
industrial customers in an underground pipe network that is slightly inclined to allow
waste water to flow by gravity to the WWTP or a sewer lift station. A lift station is an
underground tank that accumulates sewage from parts of the collection pipe network
that do not have sufficient fall to reach the WWTP. As the basin fills, float switches
activate pumps that lift the sewage and discharge it back into a gravity pipe at a higher
elevation or into a force main that conveys the sewage under pressure back to another
part of the system.
The City’s collection system includes 125 miles of underground pipe, 150 manholes and
22 lift/pump stations. In the PA, HCSD owns and operates the collection system outside
of the City limits, which consists of an additional 29 sewer lift stations and 78 miles of
underground pipes (Figure 30, Figure 31, and Figure 32). HCSD serves the
communities of Myrtletown to the east, Cutten to the southeast, Bayview, Ridgewood,
Pine Hill, Rosewood, and South Eureka to the south, and Humboldt Hill, King Salmon
and Field’s Landing to the southwest. Their collection system interconnects with the ‘s
collection system at several points.
The collection systems are currently experiencing deficiencies typical of their age,
including: I/I of storm water and ground water, pipe deterioration, aging pumping
systems, and capacity limitations.
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Figure 30.
City of Eureka and Humboldt Community Services District’s waste water
collection system: collection pipes, force mains (bold red), lift stations (red dots), and potential
tidal inundation area by 2100.
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Figure 31.
City of Eureka waste water collection system: collection pipes, force mains (bold
red), lift stations (red dots), and potential tidal inundation area by 2100.
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Figure 32.
City of Eureka and Humboldt Community Services District’s waste water
collection system: collection pipes, force mains (bold red), lift stations (red dots), and potential
tidal inundation area by 2100; and Elk River Waste Water Treatment Plant.



Collection Pipe Network

The City’s waste water collection system includes a wide variety of pipe sizes and
materials types. The pipes range in diameter from 2 inches to 42 inches and are
composed of ABS, PVC, AC, VC, and/or DIP. In the PA, the HCSD collection system is
very similar in size and composition of the pipes and will be treated as part of the City’s
system for the purposes of this assets at risk analysis.
The collection pipes are buried in trenches at a depth ranging from 2 feet to over 10 feet
deep. In most cases, the pipes are bedded in a gravel backfill. The pipes are sloped to
drain by gravity to the nearest lift station, where the waste water is pumped up to the
next leg of the system on its way to the treatment plant. Manholes are spaced
approximately every 300 feet to allow access to the collection system.
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Lift/Pump Stations

An integral part of the collection system is the lift and pump stations. Pump stations are
typically housed within a building. Lift stations are outside and typically flush with the
surrounding ground. The City has 22 lift/pump stations, 11 of which are within the 2100
tidal inundation area (13.1 feet elevation NAVD 88; Table 11, Figure 30, Figure 31,
Figure 32). In the PA, HCSD has 29 sewer lift/pump stations, and 9 are within the 2100
tidal inundation area (13.1 feet elevation NAVD 88; Table 11, Figure 30 and Figure 32).
Table 11.
City of Eureka and Humboldt Community Services District’s sewage lift and
pump stations in the tidal inundation area for 2100 (13.1 feett elevation NAVD 88) and their
surface elevation.
Lift/pump station
Jacob's Ave East
Jacob's Ave West
Hill Street
3rd and Y Streets
Waterfront Drive
Commercial Street
Washington Street
McCullens Street
Pound Road
Golf Course*
Martin Slough
Hoover Street
Field's Landing
S. Broadway Street
Pine Hill Road
Sea Ave
Edgewood Road
Buhne Drive
Perch Street
King Salmon Ave

CITY
Lift
Lift
Pump
Lift
Lift
Lift
Pump
Pump
Lift
Lift
Pump

PA

Pump
Pump
Pump
Lift
Lift
Lift
Lift
Lift
Lift

Elevation (ft)
6.6
6.7
9.7
11.1
10.7
11.8
10.3
10.4
9.2
11.0
11.0
9.9
7.9
7.3
9.2
10.0
10.2
11.9
9.55
8.2

* = Lift Station proposed to be deconstructed and removed.
Elevations are approximate and taken from DEM data at a single location per site.

Most parts of the collection systems rely on gravity to move the sewage and are not
under pressure. Some parts of the systems include pressurized pipes. Sewage is
pumped from the lift stations to other parts of the gravity system or from pump stations
through a force main (interceptor system) all the way to the treatment plant. The 22 City
lift/pump stations and 29 HCSD sewer lift/pump stations are located at strategic points
throughout the regional collection system and convey waste water to the WWTP. The
recently completed Martin Slough Interceptor and pump station will allow for the
elimination of three major and three minor City -owned lift stations (one is in the tidal
inundation area for 2100), and 13 minor HCSD-owned sewer lift stations. As of this
writing, the stations are being converted to allow sewage to gravity flow into the
collection system.
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4.1.2 Exposure
The City and HCSD’s collection system during storm and high tide events already has
problems with I/I. Many of the urban areas in the City and PA that will be affected by
sea level rise of 13.1 feet (NAVD 88) by 2100 contain waste water collection
infrastructure such as lift and pump stations, manholes, and a network of sewer pipes.
Some of the lift stations and manholes are expected to experience regular tidal
inundation. Ground water elevations in and adjacent to these tidal inundation areas will
also rise. Both of these effects will increase I/I of ground water and brackish water into
the waste water collection system. This can, in turn, overwhelm the hydraulic and
mechanical capacities of the systems and upset the biological balance of the treatment
plant digesters, causing mechanical failures that could result in the release of raw
sewage into surface waters. Other sea level rise impacts include limited access to
collection pipes, lift and pump stations, and WWTP for maintenance and operations.
Infiltration will occur even outside the inundation areas due to elevated ground water
levels.
The following sections evaluate the impacts to specific components of the waste water
system.


Collection Pipe Network

In the City, the oldest parts of the collection system are located in the waterfront area,
north of 4th Street. These pipes are old and some are cracked and separated at the
joints. Much of the waterfront area was built on unconsolidated, porous fill materials that
allow tidal waters to seep well inland from the edge of the bay. Surface water and
ground water also percolate into and through the fill and flow downhill, toward the bay.
Ground water saturates the fill and backs up against the seawater. The ground water
elevation occurs at the approximate elevation of the average high/low tide. Rising sea
levels can cause a rise in ground water elevations both seasonally and in sync with the
daily tidal cycle. In the PA, the HCSD collection system in King Salmon and Fields
Landing are subject to the same considerations.
In the City, 6% (7.4 miles) of sewer line potentially are vulnerable and at risk of being
tidally inundated by the high projection for MMMW in 2050 (9.64 feet NAVD 88) and
15%(17.8 miles) by 2100, leaving 85% (103.1 miles) that are likely to not be inundated
(Figure 33). In the PA, 6% (3.8 miles) of sewer line potentially are vulnerable and at risk
of being tidally inundated by the high projection for MMMW in 2050 and 11% (7.5 miles)
by 2100, leaving 89% (58.1 miles) that are likely to not be inundated (Table 12).
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Figure 33.
Sewer lines and percentage of total miles in the City of Eureka and its PA that
potentially could be tidally inundation in 2015, 2030, 2050, and 2100 as well as the miles of
sewer line that will likely not be inundated.

Table 12.
Cumulative miles of sewer lines potentially vulnerable and at risk from tidal
inundation in the City of Eureka and its Planning Area, miles of sewer line likely not tidally
inundated, and total miles of sewer line.
SEWER LINE (miles)
City of Eureka
Planning Area

Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated
2.5
4.7
7.4
17.8
103.1
3.1
3.6
3.8
7.5
58.1

Total
120.9
65.6

The collection pipe networks in low-lying areas (King Salmon and Fields Landing) and
on diked former tidelands (Jacobs Avenue) or current tidelands (Second and Third
Sloughs) are likely below the water table. Between 2050 and 2100, the number of miles
of sewer lines that could be tidally inundated more than doubles: 7.4 to 17.8 miles in the
City, and 3.8 to 7.5 miles in the PA. The collection system throughout all of the tidal
inundation areas is vulnerable and at risk from being flooded by rising ground water
levels. When ground water is high, it can infiltrate into the gravel bedding and then into
the pipes through cracks and leaking joints. Depending on the depth of the pipe and the
porosity of the pipe bedding, trench fill materials and the surrounding ground; the
infiltration can occur well outside of the tidal inundation area as ground water is backed
up by the rising tides or tidal waters infiltrate through the porous ground. This infiltration
can be fresh and/or brackish water.
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Lift/Pump Stations and Manholes

The lift/pump stations and manholes in the tidal inundation areas are vulnerable and at
risk from storm water (freshwater) and/or inflow flowing into the collection system
through the non-sealed lids and vent pipes. This can occur when storm water backs up
because it cannot discharge to the bay due to high tides or, when tide gates are stuck
open allowing seawater to back up into the inundation area, or if the dikes breach. Other
sources of inflow include roof drains and storm drains illegally connected to the sewer
collection network.
When the lift/pump stations are exposed to tidal inundation, they have the potential to fill
with sea water through non-sealed hatches and covers (inflow). This will not necessarily
hurt the lift station, but it will pump water that does not need to be treated into the
collection and treatment systems. This excess water could hydraulically overload the
system, potentially resulting in discharge of untreated sewage into the surface water.
More important is that the dilution of the sewage with brackish water will also hinder the
biological processes that treat the sewage, resulting in a breakdown in the entire
treatment process.
Additionally, the tidal inundation of the areas surrounding the lift station will limit access
to the station for routine maintenance and/or emergency repairs. Tidal inundation may
also damage exposed electrical components and controls and impact auxiliary
emergency power (portable generator) functionality.
In the City, 19% (4 lift stations) of the sewer lift stations potentially are vulnerable and at
risk of being tidally inundated by the high projection for MMMW in 2050 (9.64 feet NAVD
88) and 46%(10 lift stations) by 2100, leaving 54% (12 lift stations) that are likely to not
be inundated (Figure 34). In the PA, 23% (7 lift stations) of sewer lift stations potentially
are vulnerable and at risk of being tidally inundated by the high projection for MMMW in
2050 and 28% (8 lift stations) by 2100, leaving 72% (21 lift stations) that are likely to not
be inundated (Table 13).
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Figure 34.
Sewer lines and percentage of total miles in the City of Eureka and its PA that
potentially could be tidally inundation in 2015, 2030, 2050, and 2100 as well as the miles of
sewer line that will likely not be inundated.

Table 13.
Summary of waste water collection system components in the City of Eureka and
its Planning Area impacted by current conditions and relative sea level rise projections for 2030,
2050, and 2100.
WASTEWATER LIFT STATIONS Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated
3
4
4
10
12
City of Eureka
1
4
7
8
21
Planning Area

Total
22
29

In the City, the Jacob’s Avenue lift stations #1 (west) and #2 (east) pump sewage to the
Hill Street pump station (Figure 35). They are located in diked former tidal lands in a
hydrologic unit that is protected from tidal inundation by dikes along Eureka and Fay
Sloughs, and the NW Pacific Railroad grade. The surface elevations at the Jacob’s
Avenue stations are approximately 6.6 to 6.7 feet (NAVD 88) and are below the current
MMMW elevation of 7.7 feet (NAVD 88).
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Figure 35.
Sewer lift and pump stations: Jacob’s Avenue #1 and 2, Hill Street, Hoover
Street, Edgewood Road, Y Street, and sewer mains and sewer interceptor that potentially could
be tidally inundated in 2015 by the mean monthly maximum tidal inundation area of 7.7 feet
(NAVD 88).

These stations are currently vulnerable and at risk from tidal inundation if the dikes on
Eureka or Fay Slough or associated tide gates fail. As sea level rises, these dikes will
be more likely to fail due to erosion and saturation. If the dikes do not fail but the tide
gates malfunction, attenuated flooding will occur. Even if the tide gates do not fail
accumulated storm water will not be able to flow out of the diked bay lands until they are
higher than the tides, resulting in flooded and saturated conditions.
These two stations are at the lowest elevation of all other lift stations in the collection
system, below current MMMW tide levels, and are the most susceptible to tidal
inundation. It is likely that significant I/I is already occurring on a periodic basis based on
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the observed flows at the Hill Street pump station. The Jacobs Avenue commercial and
residential private property and Humboldt County’s Murray Field Airport would be
adversely affected if these two lift stations fail.
Based on the Waste Water System Facilities Plan developed by Brown & Caldwell
(2008), the Hill Street pump station (9.7 feet NAVD 88) experiences greater I/I flows
than any other monitored station in the collection system. During storm events, the
station has been observed to pump more than 11 MGD. That is more than the peak dry
weather design capacity of the WWTP. The Hill Street pump station is located alongside
Second Slough, a tributary of Eureka Slough, and is the starting point of connection for
the Eureka Cross Town Interceptor. The Cross Town Interceptor main begins at the Hill
Street pump/lift station, in the northwest section of the City, runs parallel to U.S.
Highway 101 through town along 7th/8th Streets, then turns south on Koster, west on
14th/15th Streets, and south along the old railroad track corridor to Hilfiker Lane, ending
at the WWTP. The Hill Street pump station is potentially vulnerable and at risk from tidal
inundation by 2050 when MMMW tides may rise to 9.6 feet (NAVD 88) and MAMW
tides could average 10.7 feet (NAVD 88).
In the PA, to the east of the Hill Street pump station are the Hoover Street pump station
and Edgewood Road lift station. The Hoover Street pump station is located adjacent to
inter-tidal wetland on Third Slough, a tributary to Eureka Slough, at 9.9 feet (NAVD 88).
This pump station is potentially vulnerable and at risk from tidal inundation by 2050
during MAMW that may reach 10.7 feet (NAVD 88) and by 2070 when MMMW is
projected to rise to 10.9 feet (NAVD 88). The Edgewood Road lift station, elevation at
10.2 feet (NAVD 88), is located at the current edge of the tidal inundation boundary
should the dikes on Freshwater or Ryan Slough fail in 2015. This lift station is potentially
vulnerable and at risk from tidal inundation by MAMW with a high projection of 10.7 feet
(NAVD 88) in 2050 and MMMW tides of 10.9 feet (NAVD 88) in 2070. The Edgewood
Road lift station pumps to the Hoover Street station. A loss of service at either station
would impact the Myrtletown area.
The Third and Y Street lift station is located near the Target store on the northeast side
of Eureka at an elevation of 11.1 feet (NAVD 88), and is within the projected 2100 tidal
inundation area below 13.1 feet (NAVD 88), along with the parking lot area of Target,
and a low-lying section of the adjacent U.S. Highway 101 (Figure 35). The areas
impacted by loss of service at this station are commercial and residential clients
between O and Y Streets and between 6th Street and Waterfront Drive in the northeast
corner of Eureka.
The Waterfront lift station at 10.7 feet (NAVD 88) serves the residential area north of 2nd
Street and east of J Street in Old Town Eureka, as well as receiving sewage flows from
the 3rd and Y Street lift station. This station could be tidally inundated by MAMW (10.7
feet (NAVD 88) in 2050 and potentially be tidally inundated by MMMW tides between
2070 (10.9 feet (NAVD 88) and 2100 (13.1 feet (NAVD 88); Figure 36).
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Figure 36.
Sewer lift stations: Waterfront Street, Commercial Street, Washington Street, and
sewer mains and sewer interceptor that potentially could be tidally inundated by 2100 by the
high projection for mean monthly maximum tide of 13.1 feet (NAVD 88).

The Commercial Street lift station is located at 11.8 feet (NAVD 88) and could
potentially be tidally inundated by 2070, when MAMW is projected reach 12.0 feet
(NAVD 88). Tidal inundation of the station and surrounding area of nearly one half mile
radius could occur during the projected 2100 tidal conditions of 13.1 feet (NAVD 88)
(Figure 36). The approximate waste water collection basin served by this station
extends along the waterfront from Koster Ave to A Street, and from 2nd Street to
Humboldt Bay, and includes coastal dependent industrial, waterfront commercial, and
public facility properties. Sewage from the Commercial Street lift station flows to the
Washington Street pump station.
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The Washington Street pump station at 10.3 feet (NAVD 88) is expected to lose
vehicular access via Washington Street and Koster Street by 2050 when MMMW tides
are projected to rise to 9.6 feet (NAVD 88) and MAMW to 10.7 feet (NAVD 88). This
station and surrounding area of approximately a quarter mile radius could potentially be
tidally inundated between 2070 (10.9 feet (NAVD 88) and 2100 (13.1 feet (NAVD 88)
under MMMW tidal conditions (Figure 36).
The McCullens/Truesdale Street pump station at 10.4 feet (NAVD 88) is the final point
of conveyance for the City’s waste water collection system before reaching the WWTP.
The station may be tidally inundated by MAMW of 10.7 feet (NAVD 88) projected for
2050, and by MMMW tides between 2070 (10.9 feet (NAVD 88) and 2100 (13.1 feet
(NAVD 88); Figure 37). Disruption of the operations at this station could impact a very
large service area.
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Figure 37.
McCullens Avenue pump station, Elk River Waste Water Treatment Plant, and
sewer mains and sewer interceptor that could potentially be tidally inundated by 2100 by the
high projection for mean monthly maximum tide (13.1 feet NAVD 88).

The Pound Road lift station (Figure 38) is located at an elevation of 9.2 feet (NAVD 88)
by the mouth of the Elk River, just south of the WWTP. It is within the high projection for
2030 MAMW inundation area of 9.7 feet (NAVD 88), and is expected to be tidally
inundated by MMMW tides of 9.6 feet (NAVD 88) by 2050.
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Figure 38.
Pound Road, Sea Avenue, Golf Course, and Pine Hill Road sewer lift stations,
Elk River Waste Water Treatment Plant, and sewer mains and sewer interceptor that could
potentially be tidally inundated by 2100 by the high projection for mean monthly maximum tide
of 13.1 feet (NAVD 88).

In the PA, the recently completed Martin Slough Interceptor (MSI) will improve the
waste water collection system efficiency and capacity. The MSI is a collaborative project
between the City and HCSD. The Golf Course lift station (Figure 38) at an elevation of
11.0 feet (NAVD 88), is currently planned to be decommissioned with the completion of
the Martin Slough Interceptor Project. The new Martin Slough pump station is located in
the vicinity of the existing Golf Course lift station and will serve as the starting point for
the MSI force main. If the north bank dike on Swain Slough is breached, it is likely that
the Martin Slough pump station could be tidally inundated by the high projection for
MAMW (12.0 feet NAVD 88) in 2070 and MMMW (13.1 feet NAVD 88) by 2100 if not
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properly fortified. The Pine Hill Road lift station (Figure 38) is also vulnerable and at risk
from tidal inundation by MAMW of 9.7 feet (NAVD 88) in 2030 or MMMW tides of 9.6
feet in 2050 if the dikes on the north bank of Swain Slough are breached. Similarly, the
Sea Avenue lift station (Figure 38) at 10.0 feet (NAVD 88) is vulnerable and at risk from
tidal inundation by MAMW of 10.7 feet (NAVD 88) projected for 2050 and MMMW tides
of 10.9 feet (NAVD 88) in 2070.
Based on the waste water infrastructure mapping provided by the HCSD, the South
Broadway Street pump station (7.3 feet NAVD 88) and Fields Landing lift station (7.9
feet NAVD 88) are currently vulnerable and at risk from tidal inundation by MMMW of
7.7 feet (NAVD 88) and MAMW of 8.8 feet (NAVD 88) (Figure 39). In King Salmon, the
King Salmon Avenue lift station (8.2 feet NAVD 88) is currently vulnerable and at risk
from MAMW of 8.8 feet (NAVD 88). The Perch Street (9.5 feet NAVD 88) lift station
could potentially be at risk from MAMW of 9.7 feet (NAVD 88) in 2030 and MMMW tides
of 9.6 feet (NAVD 88) by 2050, while the Buhne Street lift station (11.9 feet NAVD 88) is
vulnerable and at risk from MAMW of 12.0 feet in 2070 and MMMW of 13.1 feet (NAVD
88) in 2100.
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Figure 39.
South Broadway pump station, and Fields Landing, King Salmon, Perch Street,
and Buhne Street lift stations, and sewer mains that could potentially be tidally inundated by
2100 by the high projection for mean monthly maximum tide of 13.1 feet (NAVD 88).



Waste Water Treatment System

The WWTP elevation 15.0 feet (NAVD 88) is located in the southwest portion of the City
on the shore of Elk River Slough with Eureka (Entrance) Bay directly across the Elk
River Spit from the WWTP (Figure 40). The WWTP is located on fill that varies in
elevation between 14.0 and 15.0 feet (NAVD 88) and was placed on tide lands lying
west of the Northern Pacific Railroad grade. The grounds and most of the crucial
equipment and systems are above the projected sea levels through 2100 (13.1 feet
MMMW and 14.1 feet MAMW, NAVD 88). The elevation of the containment dike around
the treated waste water effluent holding pond is approximately 15.0 feet (NAVD 88).
The elevation of the containment dike around the facultative sludge lagoons, which
Trinity Associates 20160630

71

store bio solids for up to two years, is between 22.0 and 23.0 feet (NAVD 88). The
elevation of the containment dike around the Overflow Marsh (emergency discharge
holding pond) is between 9.0 and 10.0 feet (NAVD 88). A sealable tide gate isolates the
Overflow Marsh from an inter-tidal wetland area to the south, which in turn is separated
from Elk River Slough by a dike and tide gates. The elevation of the access road to the
WWTP (Hilfiker Lane) varies between 11.0 and 15.0 feet (NAVD 88). The WWTP and
Hilfiker Lane are shielded from wave energy originating in the Entrance Bay by the Elk
River Spit and tidal marshes.

Figure 40.
Entrance (Eureka) Bay, Elk River Spit and Slough, and City of Eureka’s Elk River
Waste Water Treatment Plant infrastructure, sewer mains, and interceptors that would be tidally
inundated by 2100 by the potential mean monthly maximum tides of 13.1 feet.
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The WWTP’s discharge system or outfall is designed to discharge only during the
outgoing tide cycle. To enable periodic discharge, treated waste water is retained in the
effluent holding pond until an ebb tide occurs. The effluent holding pond relies on a tide
gate to keep high tides from entering the pond. The water surface elevation of the
treated effluent holding pond varies between 6 feet and 10 feet (NAVD 88) depending
on operations at the WWTP. Depending on tidal cycle and holding capacity
considerations, the effluent in the holding pond is dechlorinated and either has to be
pumped out, using two large pumps within the effluent pumping station or flows out of
the pond through a tide gate by gravity during the low tide. The outfall pipe is located on
the west side of the Elk River Spit. The outgoing tide carries the treated waste water
past the mouth of Humboldt Bay and into the ocean. This ebb tide discharge provides
the functional equivalent of an ocean outfall and virtually eliminates the possibility of
the discharge impacting the shellfish harvesting areas located in Arcata Bay. As the
average low tide elevations rise, the tide gates will remain submerged longer each day,
resulting in effluent being trapped behind the dike, thus reducing the capacity of the
pond. Rising sea levels could reduce the effectiveness of the gravity flow discharge
system, and pumping requirements, maintenance, and power costs will likely increase.
The tide gates that control tidal action must be maintained in the face of rising sea
levels for the discharge system to properly operate. Tide gates that control the
movement of water out of the Overflow Marsh must also be maintained in the face of
rising sea levels to preserve the capacity of that marsh.
As sea levels rise, access via Hilfiker Lane to the WWTP is expected to become
impaired likely between 2050 and 2070 unless the lane is elevated. PG&E overhead
transmission poles and underground gas lines that serve the plant located just to the
north will also be subject to tidal inundation, and consequently may need to be
protected or relocated.
The WWTP will not be directly exposed to tidal inundation due to its elevation. The tidal
marshes and the Elk River Spit could change position, elevation, and composition in
response to changing tidal cycles and currents, reducing their ability to shield the
WWTP site from erosion and inundation. If this were to occur, the earthen dikes
surrounding the WWTP would be subject to erosion and breaching from wave action
and tidal currents.
The exposure mechanism that will have the biggest impact on the WWTP is from
increased I/I through pump/lift stations and leaky pipes. This will lead to hydraulic
overloading of the system and upsetting the biological activities within the treatment
system. I/I is already a problem for the City and the HCSD’s collection system. Rising
sea levels will exacerbate this problem. The collection pipe networks in the Old Town
area (Waterfront Drive through 5th Street between Broadway and I Street) and in the
Westside Industrial area (west of Broadway from 2nd Street to Hawthorne Street), King
Salmon, and Fields Landing are most at risk from sea level rise.

Trinity Associates 20160630

73

While the WWTP, effluent pond, and sludge lagoons are not at risk of inundation by
2100, the waste water collection system will impact the operation and function of the
WWTP as described previously. The marshes surrounding the WWTP are integral to
the operations of the plant and that their capacities and discharges will be reduced by
rising sea level high projections for 2050 (9.6 feet NAVD 88) to 2100 (13.1 feet).
2015
In the City, there are two lift stations, 2.5 miles of sewer lines, and 23 manhole covers at
risk from tidal inundation. The two lift stations at Jacobs Avenue (6.6 and 6.7 feet,
NAVD 88) are vulnerable and at risk from tidal inundation if the dikes on Eureka or Fay
Slough are breached, as they are lower in elevation than the MMMW of 7.7 feet (NAVD
88). The sewer lines feeding the Hill Street pump station next to Second Slough
experience I/I during high tides and storm events. This pump station has been observed
to pump more than a third of the wet season capacity of the WWTP during storm
events.
In the PA, there is one pump station at South Broadway Street (7.3 feet NAVD 88) and
3.1 miles of sewer lines potentially vulnerable and at risk from tidal inundation by
MMMW of 7.7 feet (NAVD 88). The Fields Landing pump station (7.9 feet NAVD 88)
and King Salmon Avenue lift station (8.2 feet) may also be at risk by MAMW of 8.8 feet
(NAVD 88).
2030
In the City, there are no more stations at risk from MMMW of 8.6 feet (NAVD 88), but
there are now 4.7 miles of sewer lines, and 28 manhole covers vulnerable and at risk
from tidal inundation. There are two more stations: Hill Street pump station at 9.7 feet
(NAVD 88) and Pound Road lift station at 9.2 feet (NAVD 88) potentially vulnerable and
at risk from tidal inundation during MAMW of 9.7 feet (NAVD 88).
In the PA, there are two more pump and lift stations (Fields Landing at 7.9 feet and King
Salmon Avenue at 8.2 feet, NAVD 88) potentially vulnerable and at risk from MMMW of
8.6 feet (NAVD 88), and now 3.6 miles of sewer lines vulnerable and at risk from tidal
inundation. The Pine Hill Road lift station (9.2 feet) on Martin Slough and the Perch
Street lift station (9.5 feet NAVD 88) in King Salmon may also be vulnerable and at risk
by MAMW of 9.7 feet (NAVD 88).
2050
In the City, the Pound Road lift station (9.2 feet NAVD 88) could potentially be
vulnerable and at risk from MMMW of 9.6 feet (NAVD 88), and 7.4 miles of sewer lines,
as well as 54 manhole covers are potentially vulnerable and at risk from tidal inundation.
The Hill Street pump station (9.7 feet NAVD 88), Waterfront Drive lift station (10.7 feet
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NAVD 88), Washington Street pump station (10.3 feet NAVD 88), and McCullens Street
pump station (10.4 feet NAVD 88) could potentially be vulnerable and at risk from
MAMW of 10.7 feet (NAVD 88).
In the PA, the Pine Hill Road (9.2 feet NAVD 88) lift station on Martin Slough and Perch
Street (9.5 feet NAVD 88) lift station in King Salmon could potentially be vulnerable and
at risk from MMMW of 9.6 feet (NAVD 88), and 3.8 miles of sewer lines are potentially
vulnerable and at risk from tidal inundation. The Hoover Road pump station (9.9 feet
NAVD 88) and Edgewood Road lift station (10.2 feet NAVD 88) near Third Slough and
Freshwater/Ryan Sloughs, and Sea Avenue lift station (10.0 feet) near Martin Slough
may also be vulnerable and at risk from MAMW of 10.7 feet (NAVD 88).
In total, there are 10 stations, 11.2 miles of sewer line, and a minimum of 54 manhole
covers (data on manhole covers from HCSD was not available) potentially vulnerable
and at risk from tidal inundation by 2050.
2070
In the City, there are four more lift stations: Hill Street pump station (9.7 feet NAVD 88),
Waterfront Drive lift station (10.7 feet NAVD 88), Washington Street pump station (10.3
feet NAVD 88), and McCullens Street pump station (10.4 feet NAVD 88) potentially
vulnerable and at risk from MMMW of 10.9 feet (NAVD 88). The Y Street lift station
(11.1 feet NAVD 88), Commercial Street lift station (11.8 feet NAVD 88), Golf Course lift
station (11.0 feet NAVD 88), and Martin Slough pump station (11.0 feet NAVD 88) may
also be vulnerable and at risk from MAMW of 12.0 feet (NAVD 88).
In the PA, there are three more stations: Hoover Road pump station (9.9 feet), Sea
Avenue lift station (10.0 feet), and Edgewood Road lift station (10.2 feet) potentially
vulnerable and at risk from MMMW of 10.9 feet. The Buhne Drive lift station (11.9 feet)
may also be vulnerable and at risk from MAMW of 12.0 feet (NAVD 88).
All total there are seven more stations potentially vulnerable and at risk from tidal
inundation by 2070.
2100
In the City, there are four more stations: Y Street lift station (11.1 feet NAVD 88),
Commercial Street lift station (11.8 feet NAVD 88), Golf Course lift station (11.0 feet
NAVD 88), and Martin Slough pump station (11.0 feet NAVD 88) may also be
vulnerable and at risk from MMMW of 13.1 feet (NAVD 88), and now 17.8 miles of
sewer lines, and 76 manhole covers potentially vulnerable and at risk from tidal
inundation.
In the PA, there is one more lift station, Buhne Drive (11.9 feet NAVD 88), potentially
vulnerable and at risk from MMMW of 13.1 feet (NAVD 88), and now 7.5 miles of sewer
lines vulnerable and at risk from tidal inundation.
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In total, there are five more stations, 17.8 miles of sewer line, and a minimum of 76
manhole covers potentially vulnerable and at risk from tidal inundation by 2100.
4.1.3 Susceptibility
The waste water treatment system at the WWTP is very susceptible to the adverse
effects of sea level rise, especially tidal inundation. The biological treatment process
and electrical systems are sensitive, whereas the collection system is not.
It is possible that increasingly long periods of ground saturation could result in
settlement or movement of the pipes but, in general, the collection system (including the
lift stations) are fairly insensitive to flooding and inundation. The lift stations and
collection pipe networks exposed to tidal inundation will allow salt water into the
collection and treatment system. This will hydraulically overload the collection and
treatment system and cause a breakdown in the treatment process. If too much salt
water is introduced into the treatment process, the biological system within the
treatment plant will cease to function, resulting in a failure of the treatment process. The
biological system is not able to cope with this sea level rise impact.
By 2050, 18% of the lift stations and 6% of the sewer lines in the City and 24% of the lift
stations and 6% of the sewer lines in the PA could be tidally inundated based on the
high projection for MMMW of 9.64 feet (NAVD 88). The percentage of lift stations that
could be tidally inundated by 2100 increases to 45% and 15% for sewer lines in the City
but just 28% for lift stations and 11% for sewer lines in the PA based on the high
projection for MMMW of 13.1 feet (NAVD 88). In the City over 40% of the lift stations
and sewer lines that could be tidally inundated by 2100 could be impacted by 2050, and
in the nearly 90% of the lift stations and 50% of the sewer lines.
Electrical components of the lift stations are also very susceptible to being tidally
inundated or flooded. If the electric supply and control systems are exposed to salt
water, they are likely to malfunction. Protective adaptation measures could reduce
adverse impacts to electrical systems.
The wastewater system was designed to withstand and adapt to the standard amount of
stress from extreme weather events, and growing population demand. As extreme
weather events occur more frequently than historically experienced, and sea level rise
continues, the existing wastewater system infrastructure will not be easily able to
continue operation without major system modifications based on newly developed
design standards specific to our local conditions.
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4.1.4 Consequence
The loss of functionality of the waste water treatment plant would be devastating to the
entire City. If the I/I become too big of an issue, the City may opt to restrict the use of
the collection system in the affected areas. This would seriously impact the residential,
commercial and industrial uses of those areas and areas upstream that are tributary to
those sections of the collection system. Future growth could also be impacted by loss of
treatment capacity if the system has excessive I/I. If the treatment plant ceases to
function, the impacts will be felt by all of the 45,000 users in the City and HCSD’s
service areas.
The Elk River WWTP is large and located to accept wastewater from the surrounding
area. The collection system throughout the City and surrounding unincorporated area is
designed to convey flows to the WWTP, making relocation of the plant likely infeasible
by 2050. The expense associated with relocation of the plant, and complete redesign
and installation of the collection system, is cost prohibitive for the City. In order to be
protected in its current location, new structures will need to be built at the plant, and the
collection system may need to be selectively fortified. It is likely that lift and pump
stations at risk will need to be moved, elevated, or diked, to avoid tidal inundation.
Malfunctions at the waste water treatment plant potentially could result in untreated
waste water discharges to the bay or sloughs that could result in the closure of
commercial oyster operations and recreational uses of the bay. Such closures could
result in significant loss of revenue to the fishing and mariculture industries, depending
on the timing of the spills. The potential adverse impact will be to the surface water from
raw sewage overflows and/or inadequate treatment at the plant. Sewage spills into the
bay will have a large impact on public health, aquatic resources and recreational uses.
The consequences of the loss or impairment of the waste water collection or treatment
system would be very significant, and unacceptable to the City and its PA. The
consequences of degrading water quality as a result of untreated sewage discharges
would be significant to commercial and recreational uses of Humboldt Bay.
4.1.5 Priority
While there is waste water infrastructure in both the City and its PA, there is just one
WWTF serving the City and HCSD in the PA. The waste water system serving the City
and HCSD in the PA is vulnerable and at risk from tidal inundation, by 2050. The loss or
impairment of this critical system would a significant adverse impact to the City and
Humboldt Bay region.
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The priority ranking for lift stations by 2050 is 5 in the City and 6 in the PA, but by 2100
the ranking increases in the City to 6 and decreases in the PA to 3 (Figure 41). The
priority ranking for sewer lines by 2050 and 2100 is 5 in the City and PA. By combining
priority ranking for waste water lift stations and sewer lines for the City and PA for 2050
and 2100 generates a similar high ranking for both areas and planning periods.

Figure 41.
Priority ranking of waste water lift stations and sewer lines in the City and its
Planning Area for 2050 and 2100 that can be used to determine priority for adaptation planning.
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4.2 Drinking (Municipal) Water
4.2.1 Description
In the City, municipal or potable water is supplied by Humboldt Bay Municipal Water
District (HBMWD). The City provides potable water to customers within its jurisdictional
boundaries, and in a few rare instances, to customers outside of the City boundary. The
City’s average annual daily system demand is approximately 4 MGD. The average peak
month daily demand is just above 5 MGD.
In the PA, HCSD provides potable water to a substantial portion of the PA, with
interconnections and agreements that make HCSD water infrastructure relevant to the
City’s overall water system. HCSD receives water from the HBMWD via its Truesdale
pump station and from wells near the base of Humboldt Hill. HCSD customers’ average
water consumption is 2.6 MGD. The HCSD’s average peak month daily demand is 3.2
MGD.
The City’s municipal water supply infrastructure includes two main water transmission
pipelines from Arcata to Eureka, storage and treatment systems, and distribution
system. The City’s distribution system is interconnected with the HCSD distribution
system at various locations, including the Truesdale Street pump station. The City does
not own any wells.
Water Supply
Potable water is conveyed from the HBMWD system to the City via the City-owned Mad
River Pipelines (MRP). The MRP conveys water from the “Eureka Turnout” located at
7th and A Streets in Arcata (elevation 60 feet) to the City-owned Ryan Slough booster
pump station, near the intersection of Myrtle Avenue and Mitchell Road (elevation 8.9
feet NAVD 88), in the PA (Figure 42). Water will flow from Arcata to the City’s raw water
reservoir (at Dolbeer and W Streets) without additional pumping, but the capacity of the
MRP can be increased, as needed, by operating the Ryan Slough booster pump station.
The two pipes that comprise the MRP (concrete-cased steel and HDPE) feed into a
single 24-inch diameter ductile iron (DI) pipe at the pump station. That DI pipe also
carries water to the Hubbard Street pump station owned by HCSD, which pumps the
water into the rest of their system.
The City also has an intertie connection to the HCSD system at the "HCSD Turnout," in
the City at the Truesdale Street booster pump station (elevation 9.7 to 10.1 feet NAVD
88). The HCSD pump station receives water via a HBMWD pipeline beneath Humboldt
Bay. The station and system on the landward side is the HCSD’s system. The HCSD’s
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27-inch pipeline is isolated from the City’s distribution system by valves. The intertie
allows backup and emergency water supplies of up to 2 MGD to flow either direction. It
is rarely used and the valves are not exercised on a regular basis.
The entire length of the MRP are located outside of the City limits, traversing lands that
the City does not own. The pipelines, valves, and access roads traverse 6 miles of lowlying areas, former tidelands protected by shoreline dikes, used for agriculture and
wildlife lying east of U.S. Highway 101. The ground surface elevation along the route
varies from 5 to 20 feet NAVD 88.
The original 24-inch diameter concrete-encased steel pipe was installed in the 1930’s. A
new 28-inch diameter, high density polyethylene (HDPE) pipe was installed parallel to
the old pipeline in 2005 for redundancy and to increase the capacity of the delivery
system. Both pipes are currently in service. The two pipes are joined through piping and
valves at various locations along the route, allowing the City to isolate sections of the
transmission line for maintenance and repair while still continuously supplying water to
the City. HDPE pipeline has increased the capacity of the MRP from approximately 6.5
MGD to about 8.0 MGD and significantly increases the resiliency of the MRP.
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Figure 42.
City of Eureka Mad River municipal water transmission lines, Ryan Slough and
Hubbard pump stations, and City boundary with potential tidal inundation area for 2015 if dikes
fail.

In the PA, the HCSD obtains water for its customers from three sources. The HCSD
purchases one-third of its water from HBMWD via a water pipeline that runs down the
Samoa Peninsula and crosses under the bay to the Truesdale water booster pumping
station. This pipeline is the primary means that the HCSD receives water from HBMWD
and has the capacity to supply 2.0 MGD. The HCSD recently purchased the remaining
1.0 MGD capacity of the pipeline in order to fulfill future needs. HBMWD water via
HCSD supplies the central areas of Cutten and Ridgewood. The HCSD purchases
another one-third of its water from the City through the Hubbard and Harris booster
station. The City contract allows for 0.5 MGD delivery, up to 1.0 MGD if excess water is
available, and supplies the northern areas of Myrtletown and Freshwater. The final one-
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third of HCSD potable water traditionally came from three HCSD-owned wells located at
the base of Humboldt Hill. They are known as the Spruce Point, the South Bay, and the
Princeton wells. These ground water wells supply potable water to the southern areas of
Humboldt Hill, Pine Hill, King Salmon, Field’s Landing, and College of the Redwoods.
The ground water wells are approximately 400 feet deep. The Princeton well is no
longer active. Its elevation is approximately 14 feet NAVD 88. The South Bay well has
also been taken off-line temporarily to address an issue with coarse sand discharging
with the water. The South Bay well is at approximately 10 feet elevation. Investigation
and repair of the South Bay well is significant because it is the highest producing well
(at approximately 700 gallons per minute, GPM) of the three District-owned wells. The
Spruce Point well is active and has a capacity of approximately 470 GPM. It is situated
at approximately 40 feet elevation NAVD 88.
Storage and Treatment
The City water reservoir and treatment system are located on Hemlock Street between
Dolbeer and W Streets, in Eureka (elevation 180 feet NAVD 88). The raw water
reservoir is a partially underground, covered, lined reservoir with a capacity of
approximately 20 million gallons. The City’s water treatment plant (located adjacent to
the reservoir) provides chlorination and fluoridation treatment. Figure 43 shows the
location of the City’s reservoirs, their distribution system, and the interconnections with
HCSD.
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Figure 43.
City of Eureka boundary, municipal water distribution system, with City and
Humboldt Community Service District’s reservoirs, their distribution system, the interconnections
with HCSD, and with potential tidal inundation area for 2015 if dikes fail.

In the PA, HCSD total water storage capacity is 5 MG spread out over 10 storage
reservoirs. Ground water treatment of the District-owned wells is achieved by
chlorination at the well sites.
Distribution
The City water distribution system consists of underground pipe and valves, water
meters, various storage tanks, backflow preventers, and booster pump stations. Water
is supplied via an underground pipe network to two primary pressure zones: the low
zone and the high zone. A 24-inch steel main supplies the low zone by gravity, and a
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16-inch steel force main supplies the high zone with pumping. The high zone pumping
capacity is 2,400 GPM. The low zone is fed by gravity from the 20-MG reservoir, with an
increased capacity flow of up to 6,000 GPM when using two 50-HP vertical turbine
pumps and one backup 100-HP pump. The distribution system’s total storage capacity
is 22.3 MG, comprised of a 20-MG raw water storage reservoir, a 1-MG ground-level
steel tank, a 500,000-gallon ground-level steel tank, a 500,000- gallon elevated steel
tank, and a 300,000-gallon clear well. The system storage could satisfy demand for the
City between four and five days. The distribution system includes a smaller diameter
pipe network, valves, meters, and backflow preventers. The City’s distribution system
has normal deficiencies for a system of its vintage, which includes aging piping
materials, leaking pipes, and low-pressure and low fire-flow issues.
In the PA, HCSD distribution infrastructure consists of 14 different pressure zones, 87
miles of water main, 13 booster pumping stations, 10 water storage reservoirs, and 7
water interties with the City. The distribution system has an overall average system loss
of 20%. The City’s pressure grid is approximately 5 psi greater than the HCSD pressure
grid. Service and supply interties capable of moving water from one service zone to
another exist. However, the use of these interties is complicated by undersized
transmission mains and storage capacity volume capable of serving multiple zones
concurrently. HCSD is currently investigating the status of all City interties, but only one
intertie at the Truesdale Street pump station is within the potential tidal inundation
footprint for 2100 (13.1 feet NAVD 88).
Exposure
The exposure of the municipal water infrastructure (supply, storage/treatment, and
distribution) to the effects of tidal inundation and rising ground water elevations and the
potential impacts of these types of exposure are evaluated below (Table 14). In the City,
storage and treatment components of the water system are well above the predicted
inundation areas (high tank ground elevation 150 feet NAVD 88 and the underground
reservoir on Hemlock Street at 195 feet NAVD 88) and are not expected to be exposed
to impacts from sea level rise or flooding. In the PA, none of the HCSD storage tanks
are within the predicted tidal inundation zone for 2100.

Table 14.
Municipal water supply infrastructure and potential tidal inundation impacts in the
City of Eureka and its Planning Area.
Domestic Water
Transmission Line (miles)
Pump-Booster Stations
Municipal Wells

Trinity Associates 20160630

Total Sites
COE
PA
0
6.3
1
4
0
3

Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100
COE
PA
COE
PA
COE
PA
COE
PA
0
2.4
0
2.4
0
2.4
0
2.4
0
0
0
0
0
1
1
1
0
0
0
0
0
1
0
1
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In the City, portions of pipeline and components of the distribution system located in the
industrial and commercial areas along the Eureka Waterfront are within the potential
2100 tidal inundation zone for the high projection of MMMW (13.1 feet NAVD 88). By
2100, 96% of the industrial property and 43% of the commercial property could be
tidally inundated. Similar to the MRP transmission pipeline, the distribution water mains
and valves are underground and may not be directly affected by salt water intrusion or
rising ground water. The difficulty in accessing these components for maintenance and
repair could impact the system over the long term. Above ground features such as fire
hydrants and backflow preventers also need to be maintained and repaired, access
could become a problem with rising tides. Some privately-owned water service meters,
supply pipes, and hose bibs are also within the inundation areas and will be exposed to
the effects of sea level rise. These items are typically underground and/or under
pressure and so will not be directly impacted by salt water intrusion or rising ground
water. If the supply system pressure drops, back syphoning of sea water in to the
supply system could occur, contaminating parts of the distribution system. Water meters
may also be difficult to read and could fail if they are repeatedly submerged in salt
water. In the PA, by as early as 2030 (MMMW 8.64 feet NAVD 88) the municipal water
distribution system operated by HCSD in King Salmon and Fields Landing, could be
tidally inundated and by 2050 (MMMW 9.64 feet NAVD 88) the system operated by
HBMWD in Fairhaven could become tidally inundated.
2015
In the PA, Figure 42 shows the area along the 6-mile route of the MRP that would be
inundated if the existing dikes are breached (water elevation 7.7 feet NAVD 88).
Surface elevations of the diked former tidelands (now agricultural lands) along the route
range from roughly 4.0 to 6.0 feet NAVD 88. There are six hydrologic units that are
currently protected from tidal inundation by earthen dikes. The diked shorelines in these
sub-units are owned by numerous private and public entities that are responsible for
their maintenance. A dike owned by DFW in the Walker Point area breached and the
diked land where the City’s MRP traverse is now tidal. DFW does not plan on repairing
the dike. Approximately 4.9 miles of the earthen dikes that are protecting the MRP are
rated highly vulnerable due to exposure from of erosion and overtopping by just 2 feet
sea level rise (9.7 feet NAVD 88), the predicted MAMW elevation by 2030. The valves
and corrosion protection systems for the pipelines must be accessed regularly for
monitoring, maintenance and repairs. If the dikes were to breach today, much of the
area that the pipelines traverse could become tidally inundated by up to two to three
feet salt of water and access may become difficult to 2.4 miles of MRP.
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Tidal inundation potentially could become more and more likely each year that dike
maintenance is deferred and as the sea level rises, and especially during the times of
year when MAMW, storm surges or heavy rains are occurring. Ground water elevations
will rise along with sea levels and are already at the surface at some locations along the
route. The low-lying areas will take on more pronounced wetland characteristics and the
ground water (and surface water) may become brackish.
Tidal inundation, rising ground water and storm water flooding in and of themselves will
not necessarily impair the ability of the pipes to convey water to the City’s reservoir or
into the HCSD system. For the most part the pipelines are buried underground and at
many locations are already submerged in ground water.
The MRP crosses aerially over Freshwater Slough on a bridge structure. The HBMWD’s
pipeline that delivers water to the HCSD aerially crosses Mad River Slough and HCSD’s
pipeline aerially crosses Elk River Slough. These pipeline trestles could be exposed to
damage from floating debris during MAMW and 100-year flooding events. Differential
settlement of the pipelines caused by seismic liquefaction or the movement of saturated
soils could distort and break the pipelines but this could occur even without sea level
rise.
2030
By 2030, the high projection for MMMW is 8.6 feet NAVD 88 and MAMW is 9.7 feet
NAVD 88. Tidal inundation of the diked former tidelands through which the MRP run
could be three to four feet if the dikes are breached. As the diked former tidelands
become saturated and/or tidally inundated, the access to the pipelines is likely to
become more difficult and expensive. The access road to the Ryan Slough pump station
could become tidally inundated if the dikes on Freshwater or Ryan Slough are
breached. The access road to the HCSD’s South Bay well could also be tidally
inundated.
2050
By 2050, the high projection for MMMW is 9.6 feet NAVD 88, and MAMW 10.7 feet
NAVD 88, and MAMW could overtop 48% of the dikes on Eureka Slough. Tidal
inundation of the diked former tidelands could be 4 to 5 feet in depth. The Ryan Slough
pump station is potentially vulnerable and at risk from tidal inundation if the dikes on
Freshwater or Ryan Slough are overtopped (Figure 44).
In the PA, HCSD’s South Bay well is at elevation 10.0 feet NAVD 88 and it is potentially
vulnerable and at risk from tidal inundation (Figure 45). It is assumed that the wellheads
and the annulus around the well casing are sealed now and would not allow salt water
to enter the well. Impacts would fall into the categories of deferred maintenance and
lack of access to complete repair work.
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Figure 44.
City of Eureka Ryan Slough municipal water pump station, and Mad River Pipe
Lines that could potentially become tidally inundated by 2050 by the high projection for mean
monthly maximum tides of 9.6 fee NAVD 88t, if the dikes are overtopped.
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Figure 45.
Humboldt Community Services District’s South Bay municipal water well and the
potential tidal inundation area by 2050 by the high projection for mean monthly maximum tides
of 9.6 feet NAVD 88.

2070–2100
By 2070, MMMW could reach 11.0 feet NAVD 88 and the Ryan Slough and Truesdale
pump stations could become tidally inundated (Figure 46). By 2100, with MMMW of
13.1 feet NAVD 88, nearly all of the dikes protecting the MRP potentially could be
overtopped, resulting in 7.5 to 8.5 feet of tidal inundation.
The HCSD’s Princeton well is located at an elevation of 14.0 feet NAVD 88 and is no
longer used, but it could be tidally inundated by the high projection for MAMW in 2100
(14.14 feet NAVD 88).
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Figure 46.
Humboldt Community Services District’s Truesdale municipal water pump station
and inter-tie to the City of Eureka water system with the potential tidal inundation area by 2100
by the high projection for mean monthly maximum tides of 13.1 feet NAVD 88.

4.2.2 Susceptibility
The City and PA municipal water system is not very susceptible to tidal inundation by
2050, but by 2100 with a high projection for MMMW of 13.1 feet NAVD 88 the system
would become susceptible as two of five booster stations could become tidally
inundated. Indirectly the City’s water system could become susceptible by 2050 as
dikes that are vulnerable and at risk of breaching and may cause the areas that MRP
lines traverse to become tidally inundated.
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The City’s MRP water transmission lines, the storage and treatment systems, and the
distribution network are not very susceptible to the adverse effects of sea level rise.
Although, the older pipes in the City’s supply system (concrete-wrapped steel pipe) are
chronically susceptible to corrosion if the cathodic protection systems are not
maintained and from differential settlement, should the ground supporting the pipes
become saturated and mobile, which is likely to happen with rising ground water and
tidal inundation. Indirectly the City’s municipal water system may be susceptible to tidal
inundation if the City’s ability to perform maintenance and emergency repairs of the
water transmission lines is impaired. Without regularly scheduled maintenance and
repair, the pipeline will develop holes and cracks. By 2050, one of the City’s MRP lines
will be approaching 100 years old and the probability of emergency repairs may
increase at the same time that dikes potentially could be overtopped, the resultant tidal
inundation would make access and emergency repairs very difficult. The newer
transmission line will still be fairly resilient due to the materials with which it is made
(high-density polyethylene). The City’s MRP lines could potentially be tidally inundated
now and becoming increasing vulnerable and at risk from tidal inundation by 2050 and
2100.
Booster pump stations include mechanical and particularly electrical systems that are
very susceptible should they be tidally inundated. The mechanical systems (valves and
pumps) need regular maintenance. The high projection for MMMW by 2050 9.64 feet
NAVD 88 could tidally inundate one booster station in the PA and by 2100 when
MMMW may rise to 13.1 feet NAVD 88 another booster station in the City could become
tidally inundated.
Municipal wells are susceptible to tidal inundation. One of four municipal wells in the PA
could potentially be tidally inundated by 2050 by the high projection for MMW of 9.64
feet MNAVD 88. Although the overall water supply infrastructure for HCSD is not very
susceptible to tidal inundation.
4.2.3 Consequence
Providing a safe and reliable supply of drinking water to the residents and businesses of
the City and in the PA is crucial. Any impairment in providing this service would be
immediately unacceptable. There are no reliable backup sources of drinking water
immediately available to the City if the transmission lines between Arcata and Eureka
fail. Extreme water conservation measures and quick emergency repairs would be
required.
If the dikes that are preventing tidal inundation of the areas that the City’s MRP lines
traverse fail, then getting trucks and heavy equipment to the MRP lines for emergency
repairs may eventually become impossible. Deferred maintenance could cause longterm, chronic problems with the conveyance system, resulting in significant interruption
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of service and eventually complete failure of the system. The City has approximately
five days of water storage. Repairs that take longer than this would be consequential to
the City and likely necessitate drastic conservation efforts.
While the City in an emergency may be able to access water through the HCSD
interconnections, it does not have a backup water supply capable of satisfying its needs
and is therefore the consequence of having its water supply cut off would be significant.
The MRP water transmission lines are the primary conveyance of potable water to the
City. Impairment of the conveyance capacity of these transmission lines would be
catastrophic. The loss or impairment of the HCSD’s South Bay well could result in a
significant impact on the water supply in the PA. The Princeton well is no longer used
and the Spruce Point well is not at risk. The HCSD would have to increase the amount
of water purchased from the City and/or from the HBMWD.
The Ryan Slough pump station is integral to the conveyance of water to the City. The
Truesdale Street pump station is a key component to the City’s back-up conveyance
system via the HCSD. Impairment of the conveyance capacity of these transmission
lines would be catastrophic.
The City’s MRP lines would not be damaged directly by tidal inundation. But if the MRP
lines were ruptured, the length of time they would be out of service would be prolonged
due to the difficulty of repairing underground water lines that are tidally inundated. After
approximately five days of average use, the City would be out of water. The HCSD’s
Truesdale Street pump station includes an intertie with the City’s system but the valve is
not regularly exercised, and it is unknown if this is a viable backup supply at this time or
in the future.
The City has created significant adaptive capacity to its water supply by the redundancy
of two main water transmission lines, as well as by having a back-up supply from the
intertie with HCSD’s Truesdale Street pump station. But there is little adaptive capacity
in the existing location of the water transmission lines when it comes to being able to
carry out future emergency repairs of the water lines if they become tidally inundated.
4.2.4 Priority
The City’s municipal water system has a high priority ranking, by 2050 it is 5 and by
2100 6. Exposure from tidal inundation increases from 2050 to 2100, while susceptibility
and consequences remain constant.
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4.3 Storm Water
4.3.1 Description
The City of Eureka is responsible for operation and maintenance of storm water
collection, conveyance, and discharge infrastructure assets within the City jurisdiction
as mandated by the Federal Clean Water Act, State regulatory agencies, and local
planning goals and policies. Storm water runoff has increasingly been recognized as a
significant source of pollution and flood hazard over the past few decades, and the role
of the City in mitigating these potential impacts has developed over time as such.
Unfortunately, the City’s storm water drainage utility program is currently
underdeveloped and underfunded. This condition increases the vulnerability and risk of
assets protected by storm water infrastructure to impacts from sea level rise.
Storm water runoff is generated when rain lands on impermeable surfaces (such as
asphalt or rooftops) or on ground that is already saturated. The storm water
management facilities in the City convey runoff away from property and structures, off
streets, into an underground conveyance pipe network, and natural or manmade open
drainage channels that eventually discharge runoff into the bay or sloughs. Storm water
runoff has the potential to impact water quality and cause flooding. The City has
prepared and utilizes a Storm Water Management Plan (2005) for its storm water
system because it discharges to listed water bodies, including Elk River and Freshwater
Creek.
In the City, the Department of Public Works is responsible for maintaining most of the
system. The drainage and conveyance systems along U.S. Highway 101 (Broadway,
and 4th and 5th Streets) are maintained by Caltrans. In the PA, storm water infrastructure
is under the jurisdiction of Humboldt County Public Works.
In the City, much of the conveyance pipe network is old and in a deteriorating condition.
Parts of the pipe network do not have the capacity to convey the runoff that is
generated. Some of the discharge points or outlets at the bay have tide gates that are
failing to prevent tidal inundation of sea water or cause backwater flooding into natural
channels, adjacent lands, or the storm water conveyance system. Currently, during light
rain events and high tides some of the low-lying areas around the margins of the bay
will flood because the discharge points and conveyance system is submerged or
damaged, leaving the runoff nowhere to go.
A storm water collection system includes the streets, gutters, and drainage or drop
inlets (DIs). Storm water runoff flows down streets and gutters and into the conveyance
pipe network through DIs. If the conveyance pipe network is full or the DI is clogged, the
runoff continues to flow downhill to the next DI or may backup and accumulate in lowlying areas, resulting in flooding.
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The conveyance system is a network of underground piping consisting primarily of
reinforced concrete pipe (RCP) with diameters ranging from 8 to 42 inches, with a total
pipe length of approximately 25 miles. At regular intervals, manholes allow access to
the pipe network and monitoring of the flows. The conveyance system includes the pipe
network, man-made ditches, and natural tributary channels. The diameter of the pipe,
and generally the width of ditches and natural channels, gets larger at points along the
system to accommodate the increasing flow volumes. Eventually, the conveyance pipes
discharge into ditches or natural channels, the bay, or one of the sloughs.
Storm water discharged into a ditch or natural channel or slough typically flows
unrestricted out the end of a culvert or down an armored or natural channel to join the
tidal flows in the slough. Storm water discharged into the bay typically flows out the end
of the conveyance pipe into an armored channel or directly into the bay through a tide
gate. Tide gates are installed on outfalls that discharge below the elevation of the high
tide. They are a hinged and weighted gate that seals the end of the pipe and keeps tide
waters from flowing back up into the conveyance pipe network. If the sea water in the
bay and the storm water in the conveyance network are at the same elevation, the
hydrostatic pressure will be the same on both sides of the tide gate and it will remain
closed. The high tide back-pressure causes storm water to back up within the
conveyance system, pipes or natural channels, to the same elevation as the high tide.
As the tide goes out, the gate swings open to allow the storm water to discharge.
Of the 81 tide gates that have been identified on Humboldt Bay, 38 (47%) are located in
the City and its PA. The City owns and maintains at least 16 tide gates along the bay,
spanning the northeast region of Eureka Slough behind Murray Field Airport, to the
southwest region of the City on Elk River Road. In the PA near King Salmon, Field’s
Landing, Myrtletown, and Cutten, there are an estimated 22 tide gates that are privately
owned, or are currently being maintained by the County.
The City and adjacent portions of the PA are segmented into 16 separate storm water
drainage basins, hydrologic units, or watersheds, encompassing an area of
approximately 7,034 acres (Figure 47, Figure 48, and Figure 49). The basins discharge
into Elk River Slough to the southwest, Humboldt Bay to the west and north, and Eureka
Slough to the northeast. The storm water system relies solely on gravity to move storm
water from upland areas in the basins to low-lying discharge points (or outfalls), either to
the bay or to one of the sloughs. The characteristics of each of the basins are described
below.
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Figure 47.
City of Eureka storm water basins A-L, outfalls (circles), and tide gates (triangles)
and the area that could potentially be tidally inundated by 2100 by the projected mean monthly
maximum tide of 13.1 feet NAVD 88.
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Figure 48.
City of Eureka and its Planning Area storm water basins J-M and N, outfalls
(circles), and tide gates (triangles) and the area that could potentially be tidally inundated by
2100 by the projected mean monthly maximum tide of 13.1 feet NAVD 88.
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Figure 49.
City of Eureka and its Planning Area storm water basins A, B, M and O, outfalls
(circles), and tide gates (triangles), and the area that could potentially be tidally inundated by
2100 by the projected mean monthly maximum tide of 13.1 feet NAVD 88.

There are 19 designated outfalls in the 16 drainage basins that convey storm water
through the City to the bay or sloughs. Interviews with City staff indicate that there are
additional locations where storm water is discharged into water bodies that have not
been classified at this time. Also, some of the designated outfalls have been destroyed
or no longer function as the main storm water discharge point. Many of the designated
outfalls are equipped with tide gates or culverts.
The discharge points or outfalls under the jurisdiction of the City or affected drainage
areas in the City are associated with the 16 storm water basins described below, which
have varying mixes of permeable (i.e., natural areas, agricultural lands, public areas,
and undeveloped property) and impermeable surface areas (i.e., CDI, industrial,
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commercial, residential, streets and parking areas). There are no engineered storm
water detention basins owned and maintained by the City to manage storm water runoff
in these 16 basins. Each basin includes a collection system, conveyance system, and a
discharge point.
Basin A
Basin A is at the southwest edge of the City and encompasses an area of 640 acres,
much of which is composed of permeable surfaces (Figure 47 and Figure 49). It
includes commercial property to the west of U.S. Highway 101 and a small residential
area outside of the City limits but inside the PA. It also includes a natural area and a
drainage channel into which runoff drains. Basin A also includes the Elk River
Wastewater Treatment Plant and freshwater and inter-tidal wetlands. The low-lying
commercial and natural areas are in the potential tidal inundation zones for 2030, 2050,
and 2100, but the upland residential areas in this basin are not. There are 5 tide gates
and 10 culverts that allow storm water to drain from these areas and prevent tidal water
from entering them. The current condition of these structures is unknown.
Basin B
Basin B includes a residential area located east of U.S. Highway 101 that drains into a
conveyance system above the projected 2100 tidal inundation area (Figure 47 and
Figure 49). Basin B includes a series of culverts, drainage inlets, storm water mains,
and associated manholes covering an area of 109 acres. It also includes CDI,
commercial and industrial areas and a residential trailer park located west of U.S.
Highway 101. The basin is nearly entirely developed except for the abandoned CDI
property and railroad right-of-way. Other than these open spaces, there is no area to
receive backwater or to retain storm water runoff. The area west of U.S. Highway 101 is
in the potential tidal inundation zone for 2070 (11.0 feet NAVD 88) and 2100 (13.1 feet
NAVD 88). This basin drains to the bay through a non-functioning tide gate that is
believed to be permanently open.
Basin C
Basin C includes CDI and abandoned property on the waterfront, commercial property
west of U.S. Highway 101, and a residential area located east of U.S. Highway 101
(Figure 47) that drains into a natural channel then through a conveyance pipe to a tide
gate south of Del Norte Street that discharges to the bay (207 acres total). The
residential area is above the projected tidal inundation areas for 2100. Retail stores and
the Chevron bulk fuel terminal are located west of Broadway Avenue/U.S. Highway 101.
These CDI and commercial areas and U.S. Highway 101 drain into abandoned CDI
property and inter-tidal and freshwater wetland areas (Devil’s Playground and Palco
Marsh), which drain into the bay through tide gates. Palco Marsh is in the 2015 tidal
inundation area and Devil’s Playground is in the potential 2030 and 2050 tidal
inundation areas and almost all of the rest of the area west of U.S. Highway 101 is in
the potential 2070 (11.0 feet NAVD 88) inundation area.
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Basin D
Basin D includes coastal wetlands, commercial property and a residential area located
east of U.S. Highway 101 (Figure 47), above the potential 2100 inundation area that
drains into a conveyance system and discharges into the Palco Marsh, covering 247
acres. Palco Marsh drains through a tide gate to the bay and is currently tidally
inundated in 2015. The commercial properties on the west side of U.S. Highway 101
also drain into the Palco Marsh. The freshwater wetlands south of Bayshore Way could
potential become tidally inundated by 2030. The Bayshore Mall and some commercial
properties are in the potential tidal inundation zone for 2070 (10.9 feet NAVD 88). The
commercial properties on Bayshore Way and south are in the potential tidal inundation
zone for 2100, while the commercial property to the north along Broadway/U.S.
Highway 101 is not.
Basin Palco Marsh
Basin Palco Marsh includes a small residential area east of U.S. Highway 101 (Figure
47), above the predicted tidal inundation area for 2100 (112 total acres). The residential
area appears to drain into natural areas then under U.S. Highway 101 in culverts and
into Palco Marsh, then through a tide gate into the bay. It also includes the Humboldt
Waste Management Authority’s (HWMA) Hawthorne Street transfer station. Palco
Marsh is tidally inundated now in 2015; by 2070, the commercial areas south of
Hawthorne Street could potentially be tidally inundated and by 2100, the west of
Broadway also could start to be tidally inundated.
Basin E
Basin E includes CDI, commercial properties, and a residential area east of U.S.
Highway 101 (Figure 47) that drains into pipes and an open ditch to a tide gate near the
Del Norte Street pier, covering an area of 154 acres. The CDI and commercial
properties west of U.S. Highway 101 drain into the same conveyance system and tide
gate into the bay. There is also a coastal freshwater wetland north of Hawthorne Street
and west of Felt Street. The basin is nearly entirely developed except for the coastal
wetland. There is no area to receive backwater or to retain storm water runoff other than
this wetland. By 2070, the CDI and commercial properties west of Broadway Avenue
potentially could become tidally inundated by MMMW of 11.0 feet NAVD 88 and almost
all of this area is could be tidally inundated by 2100 (13.1 feet NAVD 88).
Basin F
Basin F is 699 acres with CDI property and the abandoned Balloon Track along the
waterfront and Industrial and Commercial properties west of Broadway (Figure 47).
Residential areas east of Broadway are above the tidal inundation area for 2100. Basin
F’s conveyance system discharges to the bay through two separate discharge points,
one of which is controlled by a tide gate. The basin is nearly entirely developed except
for the abandoned Balloon Track, which functions as a de facto open space. Other than
this open space, there is no area to receive backwater or to retain storm water runoff.
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By 2070, tidal inundation is predicted to affect CDI, industrial, and commercial
properties up to an elevation of 10.9 feet west of Broadway Avenue. Nearly all of the
basin west of Broadway is expected to be tidally inundated by 2100.
Basin G
Basin G consists of 57 acres of CDI, commercial and residential properties located
north of 7th Street and west of D Street to the bay (Figure 47). It includes a conveyance
system of underground pipes that discharges to the bay near the end of A Street. The
basin is nearly entirely developed except for the railroad right-of-way. Other than this
open space, there is no area to receive backwater or to retain storm water runoff. The
shoreline in the vicinity of A Street is predicted to be overtopped by 2030, with
increasing tidal inundation of 9.6 feet extending south to 3rd Street by 2050. By 2070,
potential tidal inundation of 11.0 feet could reach 4th Street and over to D Street; by
2100, MMMW is projected to be 13.1 feet and could reach nearly to 5th Street.
Basin H
Basin H covers 357 acres between C and J Streets (Figure 47). The basin is mostly
residential south of 6th Street and commercial north of 6th Street. The area drains to a
conveyance system of underground pipes and into the bay at two outlets through
culverts near the foot of C and J Streets. The basin is nearly entirely developed except
for an area next to the waterfront between C and F Streets. There is no area to receive
backwater or to retain storm water runoff. The residential areas are above and outside
of the potential MMMW inundation area for 2100. A small portion of the commercial
district north of 4th Street over to D Street could be inundated by 2070; by 2100, a
slightly larger section over to E Street could be included in the tidal inundation area.
Basin I
Basin I covers an area of 130 acres total from J Street to S Street (Figure 47). Storm
water drains through a conveyance system of underground pipes and ditches. This
basin has five designated outlets with culverts on the bay. One of the outfalls is believed
to have been destroyed (eastern most outfall in basin), and is no longer identifiable. The
area north of Waterfront Drive includes undeveloped open space. This open space area
could receive backwater or detain storm water runoff, but there are no developed storm
water detention basins. This is the only area in Basin I potentially vulnerable and at risk
from tidal inundation by MMMW of 13.1 feet NAVD 88 by 2100.
Basin J
Basin J lies east of State Highway 255 and covers 107 acres north of 5th Street to the
bay and over to Eureka Slough (Figure 47). Similar to Basin I, potential tidal inundation
from MMMW of 13.1 feet NAVD 88 by 2100 is could occur predominately north of
Waterfront Drive and the railroad grade, affecting mostly undeveloped property along
the bay and slough. By 2070, potential tidal inundation of 11.0 feet NAVD 88 potentially
could cover the residential properties north of the railroad grade and commercial
properties east of Y Street. By 2100, potential tidal inundation of 13.1 feet NAVD 88
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could expand west towards X Street. There are three designated outlets, two draining to
Eureka Slough and one to the bay. Storm water drains through a natural conveyance
system that often floods, creating a natural detention system for runoff. Other than the
open space areas north of the railroad grade, there are no developed storm water
detention basins.
Basin K
Basin K includes U.S. Highway 101 (4th/5th Streets couplet), commercial property along
the couplet, and mostly residential areas around Cooper Gulch and Eureka High School
(464 acres total; Figure 47). Those areas drain into the gulch mostly through surface
flow. Some parts of the basin are supported by conveyance systems of underground
pipes and ditches that discharge into the gulch. Other than Cooper Gulch open space,
there are no developed storm water detention basins. There are no tide gates and only
the lower section of the gulch is currently subject to tidal inundation below Myrtle
Avenue. By 2070, the commercial area east of Y Street north of U.S. Highway 101
could potentially become tidally inundated.
Basin L
Basin L is very similar to Basin K but larger. It covers 646 acres and drains to Second
Slough, a tributary of Eureka Slough (Figure 47). It includes commercial properties near
Eureka Slough, and mostly residential areas and open space inter-tidal wetlands along
the slough. The upland property areas discharge into the slough, mostly through surface
flow. Some parts are supported by underground pipe conveyance systems that
discharge into the natural areas leading to the slough. The inter-tidal wetlands on
Second Slough and its channel upstream of Myrtle Avenue are open space that can
serve as detention areas, but there are no developed storm water detention basins.
There are no tide gates. The slough is currently subject to tidal inundation up to Myrtle
Avenue, which is a tidal barrier, and the area above is fresh water. By 2070 and 2100,
the commercial property currently an RV park could potentially become tidally
inundated.
Basin M
Basin M is the largest storm water basin, covering an area of 2,326 acres. It is located
partly in the PA (Figure 48, Figure 49). It drains predominately residential areas in the
Martin Slough watershed. The residential areas discharge mostly through surface flow,
through underground culverts and piping, into the slough. Other than the open space in
the alluvial bottom land on Martin Slough and its upstream channel, there are no
developed storm water detention basins. Martin Slough is protected from current tidal
inundation by a tide gate at Swain Slough and an unfortified dike along Swain Slough. If
the dikes on Swain Slough are breached, Martin Slough could become tidally inundated
up through the Eureka Municipal Golf Course. By 2070, potential tidal inundation could
reach the northern Fairway Drive crossing on Martin Slough.
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Basin N
Basin N, the Eureka–Fay Slough unit, is in northeast Eureka across Eureka Slough
(Figure 48). Basin N encompasses approximately 584 acres of land paralleling U.S.
Highway 101. This basin is composed of diked former tidelands. A large portion is
owned by the State of California and managed as a wildlife reserve. Much of the
undeveloped area in this basin can serve as a storm water detention area. A CDI
property west of U.S. Highway 101 in the PA drains to this sub-unit through Caltrans’
drainage system. There are three commercial areas in the basin: Jacobs Avenue,
Harper Motors, and Indianola. Humboldt County owns and operates the Murray Field
Municipal Airport. Portions of the basin drain west to the Caltrans drainage along U.S.
Highway 101, and through a double tide gate to Eureka Slough. There are two tide
gates on the County’s property that drain east to Eureka and Fay Slough, and two tide
gates on the wildlife reserve draining east to Fay Slough.
Basin O
Basin O includes City property and private property in the PA that covers 195 acres
primarily used for agricultural grazing (Figure 49). This basin is separated from the bay
by the railroad grade and shoreline fortifications, and from Elk River to the north by an
upland reach, and by U.S. Highway 101 to the east. Runoff from the highway drains in
to the basin. There are no developed storm water detention basins. A tide gate allows
surface water runoff to discharge into Elk River during low tides.
4.3.2 Exposure
The storm water infrastructure that may be impacted by the effects of sea level rise
include those portions of the collection system, conveyance system, and discharge
points that are close to the bay and/or are situated below 14.1 feet NAVD 88, the high
projection for MAMW by 2100. The mode or pathway for tidal inundation of areas in the
City and PA that are vulnerable can be from: rising tides overtopping the shoreline of
the bay and sloughs, or from rising tides encroaching upstream in the City’s 16 storm
water drainage basins and inundating adjacent low-lying areas.
Sea level rise will delay drainage and result in backwater that will affect conveyance
pipes or natural or man-made drainages that may flood adjacent property if overbank
discharge occurs. Most of the residential areas in the City are located in the upper
portions of the drainage basins above 14.0 feet NAVD 88 and not subject to the effects
of sea level rise. Most of the commercial and industrial areas are located on the
waterfront along the margins of the bay and are subject to inundation by higher tides
and rising ground water elevations. The Jacobs Avenue area in the Eureka–Fay Slough
unit is located behind dikes on former tidelands that are below the elevation of current
MMMW of 7.7 feet NAVD 88. Storm water drainage from this low-lying area is
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prolonged during high tides. Some areas are also already impacted during MAMW and
storm surges. Backwater flooding areas have not been modeled or mapped by this
project.
Many of the areas in the City and PA that potentially could be affected by sea level rise
contain natural drainage areas, such as stream or slough channels, and storm water
related infrastructure, such as the tide gates, conveyance pipe networks, drop (or drain)
inlets, gutters and streets. Drainage channels without tide gates that connect to tidal
waters (bay or slough) allow tidal inundation to occur upstream. Rising sea levels may
allow tidal inundation to occur farther upstream and overbank in adjacent low-lying
areas. With sea level rise, drainage channels or conveyance pipes with functioning tide
gates may remain closed for longer periods of time. Some of these features may
experience regular tidal inundation, and a mixture of storm water and sea water will
back up in the conveyance system and flood streets, parking lots, buildings and vacant
land. Increased drainage time during storm water runoff events may likely cause water
elevations to rise and flooding to occur in adjacent low-lying areas. Eventually, rising
sea levels could keep tide gates closed permanently.
The collection and conveyance systems are not expected to be significantly impacted
by the effects of sea level rise. They are designed to be wet and inundated with water.
Likewise, rising ground water elevations and salt water intrusion will have little effect on
their functionality. The problem with rising sea levels is that the storm water runoff will
only drain out of the system to the surface water elevation of the bay and can backflow
into the system through malfunctioning tide gates and drainage ditches.
Top hinged tide gates are prone to getting stuck partially open or closed and require
regular maintenance to keep them functioning. If a gate is stuck closed, it will keep tide
waters from entering the conveyance pipe or the protected areas behind the dikes, but it
will also keep the storm water runoff building up behind the dikes from discharging into
the bay. The resulting flooding would not dissipate as the tide goes out but would be
trapped behind the closed tide gate. If the tide gate is stuck open, the rising tide would
inundate the conveyance system and areas protected by the dikes and run back out as
the tide drops. In reality, the tide gates usually get stuck in a partially open condition.
The result is a muted tidal cycle with the areas slowly and only partially filling and
draining, a little out of sync with the tides.
Functioning tide gates and intact dikes will reduce the backflow of sea water into the
storm water system and tidal inundation in the areas protected by the dikes. Without
functioning tide gates, the conveyance system acts as a tide water inundation pathway,
back feeding natural drainage systems and culverts, underground storm mains, and
overflowing out of the DIs.
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All of the drainage basins have some predicted impact areas. Most of the impacts are
limited to the commercial and industrial areas, in the lower sections of the basins near
the discharge points. There is expected to be very little impact in the upper elevation
residential areas.
2015
Flooding and tidal inundation of low-lying areas and streets occurs now during
combined high tide and rain events. Assets vulnerable and at risk from MMMW of 7.7
feet NAVD 88 include streets and buildings, with a total storm water basin inundation
area of approximately 920 acres in 2015, given failure of water control structures and
protective dikes. Natural storm water basin discharge points are beginning to migrate
inland as a result of rising tides for Basin M on Elk River Slough, and for Basins J, K,
and L on Eureka Slough. The storm water system within Basin N is likely experiencing
flooding impacts from sea level rise now, but there is not enough information for this
area to provide an accurate analysis.
2030
By 2030, the flooding and tidal inundation of areas are predicted to increase, resulting in
inundation of approximately 1,084 acres, which would temporarily limit access to streets
and buildings. Flooding along sections of Waterfront Drive and Second Street in Basins
G and H during light rain and high tide events is expected to increase. Furthermore,
drainage of Railroad Avenue and Koster between Washington and 14th Street (Basin F)
could be impaired by flooding and tidal inundation.
2050
By 2050, 1,195 acres are predicted to be impacted from flooding and tidal inundation.
Palco Marsh drainage will likely be impacted by flooding and tidal inundation and this
would affect the neighboring wetland area, as well as Humboldt Waste Management
Authority (Section 4.8).
2100
By 2100, access limitations are expected to increase, with an estimated 1,819 acres
inundated by the MMMW of 13.1 feet NAVD 88. All designated storm water discharge
points and associated water control structures in each basin are predicted to experience
longer periods of time under water or be submerged due to higher high tides and low
tides.
4.3.3 Susceptibility
The storm water infrastructure would be adversely affected by tidal inundation from sea
level rise and flooding from 100-year storms. It will cease to function not because it is
damaged but because of the change in system hydraulics. With nowhere to go, storm
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water will back up into the lower sections of the collection system and high tides will
back flow up the conveyance system, inundating the same low-lying areas, roads, and
property affected by storm water. All of the tide gates will be adversely affected by rising
tide elevations.
A number of actions can be taken by the City to delay and/or avoid flooding due to
storm water and tidal inundation. Some of these actions include:


Repair and/or maintain the existing tide gates and conveyance system.



Install new tide gates on outfalls that do not have them.



Fortify and elevate the shorelines and dikes that may be overtopped or breached
by the king tides, storm surges, or rising sea level.



Reduce the amount of storm water runoff entering the collection system. This can
be accomplished by installing Low Impact Development (LID) features such as
permeable pavement, rain gardens, and vegetative strip in the collection areas.
These work to retain the rain water where it falls by percolating it into the soil.



Delay the peak discharge of runoff into the system by constructing detention
basins in the collection areas. Detained runoff is slowly released into the system
over a longer period of time, flattening the hydrograph and reducing the peak
discharge flow rate. This may also reduce surface flow and increase drainage
into the ground, helping to alleviate regular street flooding events.



Manage the storm water with pump stations. The conveyance system could
discharge into ponds or underground tanks/vaults situated in low-lying areas. The
collected runoff could be pumped over the dikes and into the bay rather than
allowed to discharge by gravity. As the sea level rises past a certain point, this
type of system may be required as the gravity discharge points will always be
submerged and storm water will not be able to escape.



Move storm water discharge points and associated control structures inland.

Repair and maintenance of the tide gates is a short-term fix that is relatively
inexpensive, and could provide protection from inundation and flooding through 2050,
when the high projection for sea level rise is 1.9 feet. Fortifying the shoreline and dikes
is another temporary solution, but will be more expensive. After 2050, the tide gates and
dikes are expected to become less and less effective and the City may have to start
detaining and pumping the runoff out of the low-lying areas. The LID features and
detention basins would help to alleviate the effects of flooding but would not address
tidal inundation.
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4.3.4 Consequence
Functional loss of the storm water drainage system could significantly impact the
residential, commercial, and industrial users in low-lying areas that are within close
proximity to the bay and sloughs. Impairment of the storm water drainage and control
system may likely cause temporary street closures due to flooding, and contribute to
unregulated pollution point discharges. Buildings may be damaged by flooding as a
direct result of storm water system failures. Natural discharge points that are not fortified
or equipped with a tide gate may migrate further inland as a result of rising tides. The
consequences of an impacted storm water system will be less to those land uses and
development not in low-lying areas of the City and its PA.
4.3.5 Priority
There are 19 designated outfalls (17 tide gates) in the 16 drainage basins that convey
storm water through the City to the bay or sloughs, and 26 tide gates in the PA. The
storm water infrastructure that may be adversely impacted by the effects of sea level
rise include those portions of the collection system, conveyance system, and discharge
points that are close to the bay. By 2050, all of the tide gates are expected to be
adversely affected by the high projection for sea level rise of 1.9 feet, and 1,460 acres in
the City may be susceptible to flooding. By 2100, the high projection for sea level rise is
5.4 feet and existing stormwater infrastructure is likely to be significantly impaired.
The outfalls for the drainage basins will be exposed and their performance impaired by
2050, increasing with rising tide elevations through 2100. The susceptibility of the
system will also increase with rising tide elevations. The consequences to the City and
in the PA will be significant in low-lying areas. The priority ranking for the storm water
system by 2050 is 5 and by 2100 6.

4.4 Energy
4.4.1 Description
In the City and PA, energy infrastructure is composed of electrical, natural gas, and bulk
fuel facilities. These energy facilities are all privately owned. In the City, energy facilities
include Pacific Gas and Electric (PG&E) Humboldt Bay Generating Station (HBGS),
electrical sub-stations, electric transmission towers and distribution poles, and natural
gas transmission and distribution lines. The City does own and operate a few smallscale energy generation systems that offset energy costs for certain City facilities using
biogas and solar photovoltaic systems, through net metering agreements with PG&E. In
the City and PA, the major supplier of bulk fuel for the Humboldt region is Chevron, via
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its Eureka Terminal. Fuel delivery is by marine transport via a barge. The Tosco
Refinery (formerly Conoco Phillips) bulk fuel terminal in the City was used historically for
receipt of petroleum products, but is no longer in operation.
Located in the PA, PG&E provides electrical service and natural gas service to the City
and surrounding unincorporated areas. PG&E owns the majority of electricity generation
capacity, the electrical transmission towers and distribution poles, and natural gas lines.
Energy infrastructure assets within the PA include the HBGS in King Salmon, DG
Fairhaven Biomass Power Plant on Samoa Peninsula, five electrical transmission
substations with associated power lines, one major natural gas compressor station, and
four natural gas regulating stations with associated pipelines. Also in the PA is the
former Humboldt Bay (Nuclear) Power Plant (HBPP), located next to PG&E’s HBGS.
The HBPP is currently being decommissioned but will continue to serve as a nuclear
materials storage site. Also at the PG&E King Salmon property is an independent spent
fuel storage installation (ISFSI), which contains spent nuclear fuel rods from the former
HBPP.
Electrical
In the City, PG&E has electrical transmission and distribution infrastructure. There are
two electrical substations (Eureka A and Eureka E) east of Short Street between 14th
and 15th Streets, ranging in elevation from 9.9 to 11.9 feet NAVD 88, and overhead and
underground high voltage (12kV to 138kV, nominal) lines, and transmission towers and
distribution power poles (Figure 50).
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Figure 50.
City of Eureka PG&E electrical substations A and E and access streets that could
potentially be tidally inundated by 2100 by mean monthly maximum tides of 13.1 feet NAVD 88.

The City owns a few electrical generation systems that help to offset onsite electricity
requirements. These systems include the Fisherman’s Terminal Building solar PV
system, Corporate Yard solar PV system, and Elk River Wastewater Treatment Plant
cogeneration system. The City does not currently own any net electricity generation
equipment capable of back feeding the grid with a net positive excess of electricity, and
there are no additional privately owned commercial electrical generation facilities in the
City.
In the PA, commercial generation of electricity is provided by two facilities located in
King Salmon and Fairhaven. PG&E's HBGS is a local natural gas-fired power plant in
King Salmon, across from the entrance of Humboldt Bay (elevation 12 feet; Figure 51).
It is the major electrical generation station supplying power to the City, as well as
Humboldt County through high voltage overhead transmission lines (69 kV and 138 kV,
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nominal) to sub-stations and then through 12 kV distribution lines supported by
numerous wooden distribution poles. HBGS is a 163 MW electric generation facility
consisting of 10 Wartsila 18V50DF 16.3 megawatt (MW) reciprocating engine-generator
sets and associated equipment that are suited to changes in demand and in the
intermittent supply of renewable electricity. In the PA, there are three electrical
substations: The Humboldt Bay substation in King Salmon, ranging in elevation
between 9.6 to less than 10.9 feet NAVD 88; the Harris substation, located above 15.0
feet NAVD 88 and above the projected tidal inundation elevation for 2100, and
Humboldt substation on Mitchell Heights Drive, also above 15.0 feet NAVD 88. The
HBGS is supplied with natural gas via an underground onsite 10-inch-diameter, highpressure, natural gas pipeline owned and operated by PG&E, which is critical to
HBGS’s continued operation. The HBGS uses approximately 2,400 gallons of water per
day (2.7 acre-feet/year) on average for cooling or other industrial purposes. HBGS
discharges industrial and sanitary wastewater into the HCSD sanitary sewer system at
an average rate of about 860 gallons per day. Raw water for industrial processes and
site landscape irrigation is supplied from PG&E's existing ground water well via a direct
connection to an onsite 6-inch-diameter water pipeline. Domestic water required for
non-process uses is provided from a 4- to 6-inch-diameter on-site pipeline running
1,200 feet to a connection with the existing HCSD line that runs along King Salmon
Avenue.
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Figure 51.
City of Eureka’s Planning Area, with PG&E’s HBGS, HBPP, Humboldt Bay
electrical substation and ISFSI that could potentially be inundated by 2100 by mean monthly
maximum tides of 13.1 feet NAVD 88.

The DG Fairhaven Power Company’s biomass plant is also in the PA. It is an 18 MW
electric generation facility located on Samoa peninsula (elevation 19 feet NAVD 88).
Since operations began in 1987, the power generated has been supplied to PG&E
under a long-term power purchase agreement. The plant uses over 250,000 tons of
various forms of wood waste from local sawmills and forest operations annually.
Humboldt County has two major connections to the larger state-wide electric grid.
These connections are critical to the City, as well as the County, and are located within
the City’s PA. High voltage electrical transmission lines are shown in Figure 52, along
with electrical substations, and power plants. The total electrical transmission capacity
into Humboldt County through the existing transmission lines is approximately 70 MW,
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less than half of the county’s current peak demand. Therefore, continued local generation
of electricity is critical to meeting electrical demand of the City and PA. In the City and
PA, in addition to the high voltage systems, stepped down-12 kV over-head and
underground electrical transmission lines, and pole-mounted and ground-mounted
electrical transformers, feed commercial, industrial, governmental, and residential
customers on nearly every City block and extend out to the majority of rural properties.

Figure 52.
City of Eureka and Planning Area, with PG&E’s power plants and electrical
substations and high voltage electrical transmission lines that could potentially be inundated by
2100 by mean monthly maximum tides of 13.1 feet NAVD 88.
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4.4.2 Exposure
In the potential MMMW inundation zone for 2100 (13.1 feet NAVD 88), electrical
facilities, generating stations, and sub-stations could be exposed to tidal inundation and
flooding. Rising ground water could also cause flooding of underground infrastructure. It
is not known if the HBGS facility has been designed to withstand the impacts of direct
tidal inundation, and whether emergency response procedures will be sufficient to
safeguard employees from arc fault and additional hazards associated with high voltage
electricity generation. Electric transmission towers and distribution poles in low-lying
areas could be destabilized by tidal inundation and rising ground water. Pole-mounted
electrical distribution lines, transformers, and service panels run throughout low-lying
areas along the bay and across Eureka and Elk River Sloughs. Diked former tide lands
and other low-lying areas could potentially be tidally inundated if the shoreline structures
fail resulting in: loss of adequate support of poles and guy wires due to increased and
continuous soil saturation, exposure of ground mounted transformers and electrical
equipment to salt water and flooding causing burnout, and increased rates of equipment
corrosion. Tidal inundation caused by dike failure or rising tide elevations may limit
maintenance access to electrical infrastructure during high tide and extreme weather
events, leading to prolonged power outages, or may eliminate access all together.
In the City, there are no commercial electrical generation facilities.
In the PA, commercial electrical generation facilities are located at Fairhaven on the
Samoa Peninsula and in King Salmon. The Fairhaven facility is above the high
projection for sea level rise by 2100 (13.1 feet NAVD 88). The King Salmon electrical
facilities (HBGS and Humboldt Bay substation) are less than 13.1 feet NAVD 88 and
could potentially be tidally inundated by 2100. The King Salmon electrical facilities are
located in an area that is connected to Humboldt Bay via a former inlet canal to the
south and protected from Humboldt Bay on the north by a fortified shoreline. The
electrical generating infrastructure at King Salmon ranges in elevation between 11.0
and 14.3 feet NAVD 88. The King Salmon electrical facilities are vulnerable and at risk
from tidal inundation, and may be structurally compromised by rising ground water
levels and regular tidal inundation.
The HBPP a former nuclear power site, is located at the King Salmon site in an area
ranging in elevation between 9.6 to 10.9 feet NAVD 88. Tidal inundation of this site
could potentially occur should the shoreline of the former inlet canal be overtopped.
Nuclear contamination of the site could be mobilized and discharge into Humboldt Bay
in the event of tidal inundation of the former HBPP. However, the level of contamination
is currently unknown, as decommissioning and remediation of the site has commenced.
The ISFSI that contains the spent nuclear fuel rods of the HBPP is located above 14.3
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feet NAVD 88, which is above the high projection for sea level rise by 2100, and that
facility may not be impacted by tidal inundation, but the high projection for the 100-year
storm in 2100 is 15.2 feet NAVD 88.
2015
In the City and PA, major electrical transmission and distribution systems are located on
diked lands in Eureka and Elk River Sloughs, which are less than 7.7 feet NAVD 88.
The diked lands are vulnerable and at risk from MMMW tidal inundation if the shoreline
structures are breached or overtopped. If these areas are tidally inundated, water
depths could reach 2 to 3 feet during high tides.
2050
In the City, access from 14th Street to Eureka E & Eureka A electrical substations could
be affected by tides rising to 9.6 feet NAVD 88. Access will remain via Short and 15th
Streets.
In the PA, many of the dikes in Eureka (17%) and Elk River (77%) Sloughs protecting
major electrical transmission and distribution systems are vulnerable and at risk of being
overtopped by MMMW of 9.6 feet NAVD 88. Indirect vulnerability of the HBGS to tidal
inundation by 2050 stems from water and sewer utilities exposure of HCSD
underground assets that serve the King Salmon area. Sewage lift stations that convey
waste water from HBGS to the City’s WWTP may be susceptible to failures caused by
I/I issues that are exacerbated by tidal inundation and rising ground water levels,
including; longer pump run times, pipe and pump corrosion, and control equipment
malfunction. PG&E and HCSD wells that serve the facility may experience salt water
intrusion or be impaired by corrosion.
2070
In the PA, nearly half of the dikes in Eureka (48.2%) and almost all of the dikes on Elk
River (92.4%) Sloughs protecting major electrical transmission and distribution systems
are vulnerable and at risk of being overtopped by MMMW of 11.0 feet NAVD 88. Under
existing road conditions, tidal inundation of King Salmon Avenue potentially could occur
by 2070 as tides rise 3.2 feet. King Salmon Avenue is the only point of land based
ingress and egress to the HBGS and HBPP/ISFSI facilities. The Humboldt Bay
substation and HBPP could also be tidally inundated from overbank flows via the former
inlet canal to the south.
2100
In the City, Eureka E & Eureka A electrical substations, which are less than 13.1 feet
NAVD 88, could potentially be tidally inundated by MMMW, as could all of the access
roads to the substations. In the PA, the HBGS could potentially be tidally inundated by
MMMW of 13.1 feet NAVD 88. Buhne Point and the ISFSI could become an island
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separated from the mainland. By 2100, nearly all of the dikes (97%) in Eureka Slough
could potentially be overtopped and the major electrical transmission towers and
distribution poles could be tidally inundated by up to 8.0 feet. The electrical generation
plant at Fairhaven due to its high elevation is not predicted to be tidally inundated in
2100.
4.4.3 Susceptibility
Electrical facilities are very susceptible to tidal inundation and flooding.
In the City and PA electric transmission towers and distribution poles in diked low-lying
areas could be destabilized by tidal inundation and rising ground water. Areas protected
by earthen dikes are vulnerable and at risk from tidal inundation now and increasingly
with high projections for sea level rise from 2050 (1.9 feet) to 2100 (5.4 feet). Tidal
inundation of these diked lands could significantly impact transmission and distribution
support structures.
Electrical substations are very susceptible to tidal inundation and flooding, and by 2100
three out of five substations may be tidally inundated. The electrical generation capacity
and transmission from the HBGS may be adversely impacted by 2070, flooding of
electrical equipment, facilities, and substations could be significant and may affect
electrical transmission. Current access to the HBGS via King Salmon Avenue may also
be flooded. By 2100, large portions of the King Salmon HBGS facility could be tidally
inundated, based on the high projection for sea level rise of 5.4 feet.

4.4.4 Consequence
The sustainability of the City and PA is predicated on having secure and reliable
electricity. The stability of the transmission towers and distribution poles are essential to
delivering electricity to the City and PA. These electrical distribution structures can be
made resilient to tidal inundation. A loss of functionality or impairment of the HBGS from
tidal inundation would reduce the overall electricity generating capacity of Humboldt
County by approximately 80%. The impacts to the electrical transmission and
generating facilities would be significant to the City and in the PA.
4.4.5 Priority
By 2050, sea level rise impacts are not likely to the electrical infrastructure other than
the transmission and distribution structures which are vulnerable and at risk from tidal
inundation should protective dikes fail. Electrical facilities are very susceptible to tidal
inundation and flooding. By 2100 sea level rise impacts to the system could be
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significant and the loss or impairment of generating and transmitting electricity to the
City and in the PA would be consequential. The priority ranking for electrical system in
2050 is 2 but by 2100 it would 6.

4.5 Natural Gas
4.5.1 Description
In the City, PG&E has underground natural gas pipelines that traverse the City along
Broadway, Albee, and 14th Streets (Figure 53) and along U.S. Highway 101 in the
Eureka–Fay Slough unit (Figure 54). In the PA, PG&E’s natural gas infrastructure
includes underground pipelines ranging in size from 3 to 12 inches in diameter that
traverse Elk River Slough, Martin Slough (Figure 55), and Eureka Slough, four
regulating stations, and one major compressor station (located near the HBGS).
Humboldt County has one connection from the south to the larger state-wide natural
gas grid. This connection is critical to the City and Humboldt County, and supplies fuel
to the HBGS. The exact location of natural gas regulating stations and the compressor
station has not been made available for this Assets-At-Risk analysis. In addition to the
systems shown, underground natural gas distribution infrastructure and regulators
supply individual customers with service within the City and PA.
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Figure 53.
PG&E natural gas transmission lines in the City of Eureka and high projection for
mean monthly maximum tides (13.1 feet NAVD 88) potential inundation area by 2100.
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Figure 54.
PG&E natural gas transmission lines in the City of Eureka and its Planning Area
and high projection for mean monthly maximum tides (13.1 feet NAVD 88) potential inundation
area by 2100.

Trinity Associates 20160630

116

Figure 55.
PG&E natural gas transmission lines in the City of Eureka and its Planning Area
and high projection for mean monthly maximum tides (13.1 feet NAVD 88) potential inundation
area by 2100.

4.5.2 Exposure
Natural gas transmission and distribution systems within the City and PA are vulnerable
and at risk from tidal inundation as they are located in low-lying areas and can
experience loss of access by maintenance personnel during tidal inundation and storm
water-created flood events. Additional detail is unavailable at this time, as this is a
privately owned asset. We have not been able to secure specific natural gas
infrastructure descriptions, or address exposure of natural gas infrastructure to potential
impacts of sea level rise. We need verifiable descriptions of the material composition,
age, condition, depth, and so on, of the natural gas system to provide more details to
the exposure section.
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2015
In the City and PA, natural gas transmission and distribution systems are located on
diked lands in Eureka and Elk River Sloughs that are vulnerable and at risk from tidal
inundation if the shoreline structures are breached or overtopped. If these areas are
tidally inundated, water depths for the MMMW (7.7 feet NAVD 88) could reach 2 to 3
feet.
2030
In the City and PA, natural gas transmission and distribution systems located on diked
lands in Eureka, Elk River, and Martin Sloughs are vulnerable and at risk from tidal
inundation as tides potentially rise 1.9 feet to an elevation of 8.6 feet NAVD 88. Should
the dikes breach, the low-lying areas behind these dikes could have water depths of 3
to 4 feet during MMMW, making maintenance and emergency repairs difficult.
2050
In the PA, many of the dikes in Eureka Slough (17%) and Elk River Slough (77%)
protecting natural gas transmission and distribution systems are vulnerable and at risk
of being overtopped by MMMW rising to 9.6 feet NAVD 88.
2070
In the PA, nearly half of the dikes in Eureka Slough (48.2%) and almost all of the dikes
on Elk River Sloughs (92.4%) protecting natural gas transmission systems are
vulnerable and at risk of being overtopped by MMMW of 11.0 feet NAVD 88. Under
existing road conditions, potential tidal inundation of King Salmon Avenue, the only
point of land-based ingress and egress to the HBGS facilities, could potentially occur by
2070 as tides rise 3.2 feet.
2100
In the PA, PG&E’s HBGS could potentially be tidally inundated by the high projection for
MMMW of 13.1 feet NAVD 88. Nearly all of the dikes (97%) in Eureka Slough could be
overtopped and major natural gas transmission and distribution systems could
potentially be tidally inundated by up to 8.0 feet of salt water.
4.5.3 Susceptibility
Very little is known about the underground gas lines other than their approximate
location. Tidal inundation is likely to infiltrate into the gravel bedding and potentially into
the pipes through cracks and/or leaking joints. It is possible that increasingly long
periods of ground saturation could result in settlement or movement of the pipes.
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While saltwater may not affect underground gas lines significantly, tidal inundation and
flooding could adversely affect access to these gas lines for emergency repairs and
maintenance.
Natural gas lines in the City and in the PA may not be very susceptible to sea level rise
impacts.
4.5.4 Consequence
A loss or interruption of access to natural gas would be a significant impairment to the
City.
4.5.5 Priority
By 2050, approximately 8 miles of natural gas lines located in areas that are protected
by earthen dikes are vulnerable and at risk from tidal inundation should protective dikes
fail. By 2100 approximately 14 miles of natural gas lines could be tidally inundated and
access to the gas lines for maintenance and emergency repairs could be impacted
significantly. Underground gas lines may not be susceptible to tidal inundation or
flooding. The priority ranking for electrical system in 2050 is 3 and by 2100 5.

4.6 Bulk Fuel
4.6.1 Description
In the City, there are two bulk fuel marine terminals; one is active and the other is not.
Chevron’s Eureka Terminal is located along the bay, just north of the mouth of the Elk
River Slough (property elevation is less than 11 feet NAVD 88; Figure 56). The terminal
consists of a timber dock, wharf, and a bulk fuel storage facility on the adjacent parcel.
The dock is ‘T’ shaped with an approximately 600-foot long trestle, approximately 150foot long wharf head, and five dolphins connected by timber catwalks. The dock is
believed to have been constructed in the early 1900’s. Since then, the facility has been
expanded, upgraded, and repaired numerous times. The Chevron Terminal is serviced
by fuel barge traffic only, with barges typically arriving once every 10–12 days. Barges
provide hoses and pumps; therefore, the terminal does not have any equipment, rack,
towers, or loading arms on the wharf. Approximately 80% of the fuel used in the City
and PA is delivered via barge to the Chevron Terminal. Eleven steel storage tanks on
the site have a combined total capacity of approximately 105,000 barrels. There is a sea
wall along the west and north perimeter of the property. Access to the property is from
Truesdale Street to Christie Street, both of which are less than 11.0 feet NAVD 88 in
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this area. The property is potentially exposed to future tidal inundation and flooding from
the north and then along the eastern perimeter. Fuel is delivered to end use stations by
truck via surface streets.

Figure 56.
City of Eureka Chevron bulk fuel property and access streets that could
potentially be tidally inundated by 2100 by the high projection for mean monthly maximum tides
of 13.1 feet NAVD 88.

The Tosco Eureka Terminal is located on the bay just northwest of 14th Street (property
elevation is 10 to 12 feet NAVD 88; Figure 57). The terminal was formerly used for
receipt of petroleum products, but has been inactive since 1999 or earlier. Facilities
consist of timber piles, a timber-decked offshore wharf with six timber dolphins in line
with face; and two timber-mooring dolphins at rear of line of face, all connected by
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catwalks to the upper and lower sides. Three 6-inch pipelines with three 6-inch hose
connections extend to eight steel storage tanks at the rear of facility with a total capacity
of 110,000 barrels. Access to the property is from Railroad Street, which is less than
11.0 feet NAVD 88 in this area.
There are no bulk fuel terminals in the PA.

Figure 57.
City of Eureka Tosco bulk fuel property and access streets that could potentially
be tidally inundated by 2100 by the high projection for mean monthly maximum tides of 13.1 feet
NAVD 88.
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4.6.2 Exposure
The Chevron Bulk Fuel Terminal property is could potentially be exposed to tidal
inundation coming from the north. Shoreline overtopping or failure of the sea wall facing
the bay and on the northern perimeter could lead to tidal inundation. The Tosco property
has a crudely fortified shoreline on the bay, ranging in elevation from 9.6 to 10.9 feet
NAVD 88 that could potentially be overtopped by rising tide elevations. Both bulk fuel
properties are also vulnerable and at risk from tidal inundation from the east should their
access streets flood. The terminal wharf structures at these two facilities may need to
be elevated with rising tide elevations. Without adaptation measures, access to the
facility may be limited by tidal inundation.
2015
Neither bulk fuel terminal is currently affected by MMMW of 7.7 feet NAVD 88.
2030
Rising tides of 0.9 feet to 8.6 feet NAVD 88 may cause tidal inundation of the northeast
portion of the Chevron Terminal property, particularly by the high projection for MAMW
of 9.6 feet NAVD 88.
2050
The north and eastern perimeters and northern portion of the Chevron Terminal
property may become tidally inundated during MMMW of 9.6 feet NAVD 88. The Tosco
facility and property, while low-lying, would not be hydrologically connected to the bay.
2070
By 2070, MMMW is projected to rise to 10.76 feet NAVD 88 and both the Chevron and
Tosco facilities and properties could become tidally inundated, as may the streets that
provide access to these sites.
2100
By 2100, MMMW of 13.1 feet NAVD 88 at these facilities could result in up to 3 feet of
tidal inundation.
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4.6.3 Susceptibility
The bulk fuel properties may be exposed to sea level rise by 2070. Tidal inundation of
the bulk fuel properties would cause corrosion of metal storage tanks and likely result in
the degradation of water quality by petroleum products. Access to the properties could
also be impacted by sea level rise. By 2100, these properties and facilities could be
tidally inundated by 3 feet of salt water. Tidal inundation would significantly impact the
bulk fuel facilities.

4.6.4 Consequence
The sustainability of the City and in the PA is currently dependent on petroleum
products but alternative energy such as electricity may reduce that dependency in the
future. The bulk fuel terminals could be fortified or relocated to accommodate or avoid
rising tidal elevations. Alternative means of delivery of petroleum products by land
based vehicles could be developed. The loss of these bulk fuel facilities may not a
significant consequence to the City by 2070.
4.6.5 Priority
The bulk fuel facilities are not likely to be exposed to sea level rise by 2050 but could be
by 2070 and may be tidally inundated significantly by 2100. The facilities are susceptible
to tidal inundation as is access to these facilities. The consequences of the loss or
impairment of these facilities in 2070 could be less than significant if alternative fuel
systems are available or the facilities are relocated. The priority ranking for these
facilities by 2050 is 0 and by 2100 5.

4.7 Communications
4.7.1 Description
Communications infrastructure and operations within the City are essential assets for
daily operation of businesses, government agencies, utilities, emergency responders,
educational institutions, and public and social connectivity. The communications
industry is privately owned and operated. Communications service providers within the
City and surrounding PA include: AT&T, Suddenlink, Verizon, Sprint, T-Mobile, MetroPCS, Virgin Mobile, US Cellular, Tracfone, Cox Cable, IP Networks, Renaissance
Internet, and Bicoastal Media. Communications can be classified by service type as:
Telephone, Television and Cable Services, Radio, and Internet. Increasingly, these
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services are bundled and transmitted through high speed optical fiber networks.
Additional communications network media types include: twisted pair, coaxial cable,
broadcast radio frequency, satellite, terrestrial microwave, and wireless local area
networks (LAN).
Location-specific data for major communications infrastructure assets and operations
within the City and its PA has not been made available by private service providers, due
to security concerns. Assets identified for the purpose of this report include publicly
disclosed microwave service towers, cellular towers, and AM/FM antennae within the
City and PA.
Optical fiber is the most significant resource for high speed data transmission, and
although mapping of specific locations was not achieved, general routes through the
City and PA were provided during conversations with service providers. The City and its
PA are served by two major optical fiber connections. AT&T owns and maintains one
optical fiber line that runs from San Francisco to Eureka. The location of the fiber was
described in general as following U.S. Highway 101 along the perimeter of Humboldt
Bay, and may also share a joint utility easement with PG&E. The second optical fiber
line is owned by IP Networks and was constructed in 2012. This fiber line runs from the
Old Town Eureka area to a hub in Red Bluff following a route adjacent to State Highway
36, and shares PG&E’s utility easement (CPUC 2011).
In the City, there are 21 communications towers spread throughout the City. These
towers are licensed to private, governmental, and educational institutions and include
16 microwave towers, two AM transmission towers, two FM transmission towers, and
one cell phone tower. Only five communications towers are located in the projected tidal
inundation zone for 2100 (13.1 feet; Figure 58).
In the PA, there are an additional 17 communication towers, including: 13 microwave
towers, two AM transmission towers, and two cell phone towers. There are three
communications towers located in the potential tidal inundation zone for 2100 (13.1 feet
NAVD 88; Figure 59, and Figure 60).
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Figure 58.
City of Eureka location of three publicly-disclosed cellular and microwave towers,
and AM/FM antennae and the area that could potentially be tidally inundated by 2100 by the
high projection for mean monthly maximum tides of 13.1 feet NAVD 88.
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Figure 59.
City of Eureka and Planning Area AM/FM antennae and the area that could
potentially be tidally inundated by 2100 by the high projection for mean monthly maximum tide
of 13.1 feet NAVD 88.
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Figure 60.
Planning Area location of microwave tower and AM/FM antenna, and the area
that could potentially be tidally inundated by 2100 by the high projection for mean monthly
maximum tide of 13.1 feet NAVD 88.

4.7.2 Exposure
For the 38 above-ground communications facilities in the City and PA, 8 potentially
could be affected by rising sea levels by 2100 (Table 15). Communication tower
footings would become more susceptible to liquefaction during an earthquake as the
ground water or tide levels rise. Increased rates of corrosion of structural attachment
members may occur due to tidal inundation. Electrical equipment and connections that
are not rated for exposure to a marine environment will also be compromised. Tidal
inundation of local streets will make access for maintenance difficult at first and
eventually impossible
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Close to half of the fiber optic cable lines in the City and over half in the PA are
vulnerable and at risk from rising sea levels by 2100 (Figure 61, Table 15). While
underground optical fiber, twisted pair, and coaxial cable may not be damaged by
regular tidal inundation, access for repairs and upgrades could become much more
difficult if tidal inundation U.S. Highway 101 and its right-of-way occur. Cable junction
boxes and service connection equipment located in tidally inundated areas are likely to
experience some increased rates of corrosion and signal noise caused by a lack of
adequate grounding.

Figure 61.
Miles of optical fiber line in the City and its Planning Area that potentially could be
tidally inundated in 2015 and by 2030, 2050, and 2100 as well as the miles of fiber line that is
not likely to be inundated.

Table 15.
Underground optical fiber and coaxial cable lines (miles) vulnerable and at risk
from tidal inundation in the City and its PA.
OPTICAL FIBER LINES (miles) Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated
0
0
0
3
3
City of Eureka
0
1
2
4
2
Planning Area

Total
6
6

2015
In the City, there are no towers impacted by MMMW of 7.7 feet NAVD 88 during this
planning period. There is one AM antenna located along Eureka Slough in an area that
is exposed to tidal inundation now in 2015 during MAMW (8.8 feet NAVD 88). In the PA,
there are two communications towers, one along Eureka Slough and one east of U.S.
Highway 101 near South Broadway Avenue, that are located in an area that is exposed
to tidal inundation now in 2015 during MAMW (8.8 feet NAVD 88).
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In the PA, the underground fiber optic lines coming from San Francisco and Red Bluff
are believed to follow U.S. Highway 101 and could potentially be tidally inundated in
areas along Elk River Slough and Eureka Slough in the event of dike failure now. This
cannot be verified without confirmation of the easement by AT&T.
2030
In the City, there is one AM antenna located along Eureka Slough in an area that could
potentially be tidally inundated by MMMW of 8.6 feet NAVD 88. In the PA, there are no
additional towers impacted by MMMW of 8.6 feet NAVD 88.
2050
No additional towers are expected to be impacted during this planning period.
2100
In the City, there are four more communications towers located in areas that could
potentially be tidally inundated by MMMW of 13.1 feet NAVD 88; one FM antenna near
X Street, and three on Wabash Avenue (two microwave and one cellular). In the PA,
there is one microwave communications tower located near the PG&E HBGS that could
potentially be tidally inundated by MMMW of 13.1 feet NAVD 88.
4.7.3 Susceptibility
Underground optical fiber and coaxial cable lines are not likely to be impacted by tidal
inundation or rising ground water. However, associated junction boxes and service
connection equipment will degrade in the presence of salt water. Optical fiber and
coaxial cable lines apparently parallel U.S. Highway 101 and traverse areas that are
protected by earthen dikes that if they fail by 2050 1.9 miles could be tidally inundated
and by 2100 6.2 miles could be tidally inundated. Access, emergency repairs, and
maintenance will become much more complicated and expensive when tidal inundation
occurs. Interruptions to service caused by equipment malfunction or storm damage will
be more difficult to trouble shoot by service providers in locations that experience
regular tidal inundation. Optical fiber and coaxial cable lines could be impacted
significantly by 2100 if they have not been relocated.
Instability of communication tower footings and rates of corrosion of structural
attachment members can be expected to increase with tidal inundation. By 2050 three
of 38 communication towers are located in areas that would be tidally inundated and by
2100 8 towers. Electrical equipment and connections that are not rated for exposure to
a marine environment may also be compromised. Maintenance of above ground
facilities when tidal inundation of local streets occurs would make access difficult. The
communication systems supported by the towers could be impacted significantly by
2100 if the towers have not been relocated or fortified.
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4.7.4 Consequence
The loss of service provided by underground optical fiber lines along U.S. Highway 101
would be catastrophic to the City and its PA. There is redundancy in the number of
above ground communications towers if the eight towers at risk from tidal inundation by
2100 were impaired or removed.
4.7.5 Priority
By 2050, the optical fiber lines and communications towers may be impacted by sea
level rise if protective dikes fail, but by 2100 nearly 50% of the fiber line miles in the City
and PA could be tidally inundated. Access to the fiber lines for maintenance and
emergency repairs could be impacted significantly. The loss of service provided by
underground optical fiber lines would be significant to the City and its PA. It is likely that
the 8 communication towers that would be exposed to tidal inundation by 2100 would be
relocated, and there may not be any interruption to communications supported by these
towers. Priority rankings for optical fiber lines in 2050 is 3 and for the towers 2 and by
2100 a ranking of 6 for the optical fiber lines and 3 for the towers.

4.8 Solid Waste
4.8.1 Description
The Humboldt Waste Management Authority (HWMA) provides solid waste processing
and disposal for the City, as well as other cities and unincorporated communities
throughout Humboldt County. HWMA is a Joint Powers Authority made up of the
following municipalities: Arcata, Blue Lake, Eureka, Ferndale, Rio Dell and Humboldt
County. HWMA owns and/or manages a transfer station, recycling center, and
composting facility, which accept and process wastes from the public and various
contracted waste haulers servicing communities throughout Eureka, and Humboldt
County. Recology Humboldt County, a private company in the City, has facilities
adjacent to HWMA’s station and is a provider of solid waste collection and removal
services for residents living in the City, as well as those living in the unincorporated
communities within the PA. These solid waste operations serve the City by collecting,
processing, and removing solid waste from the City. In general, residents living in the
City limits are offered a wider variety of collection and removal services than those living
in the unincorporated communities.
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The HWMA Transfer Station is located at 1059 West Hawthorne Street in Eureka
(elevation approximately 12 feet NAVD 88; Figure 62). The Hawthorne Transfer Station
consists of a waste transfer station, and waste collection and removal service. The
transfer station surface elevation ranges from 10 to 13 feet NAVD 88 and is bordered by
inter-tidal wetlands (Palco Marsh) to the west and south. An approximately 14.0 foot
NAVD 88 earthen dike protects the facility from tidal inundation via Palco Marsh. The
truck loading dock for waste removal is 8 feet lower than the surrounding surface
elevation. Ingress and egress to the transfer station is limited to Hawthorne and Felt
Streets. Two storm water DI are hydraulically connected to Palco Marsh, and fitted with
oil–water separators. The transfer station accepts garbage, green waste, household
hazardous waste, tires, electronics, and fluorescent lighting tubes and bulbs. The
Hawthorne Transfer Station receives approximately 5,000 tons of green waste annually,
which is then processed by Mad River Hardwoods Inc., through a service agreement
with HWMA. The Eureka Recycling Center, operated by Recology, is located adjacent
to the Transfer Station at 949 West Hawthorne Street. The approximate elevation
ranges from 11.0 to 13.1 feet NAVD 88 (Figure 62).
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Figure 62.
City of Eureka, Humboldt Waste Management Authority Hawthorne Transfer
Station and Recology recycling facility with the area that could potentially be tidally inundated by
2100 by the high projection for mean monthly maximum tide of 13.1 feet NAVD 88.

Residual waste that cannot be recycled or composted is sent to either the Anderson
Landfill in Anderson California, or exported out of state to the Dry Creek Landfill in
White City, Oregon. In 2012, the Anderson landfill received 15,696 tons of solid waste,
which accounted for approximately 56% of the total solid waste generated in the City.
An additional 12,267 tons was exported to the Dry Creek Landfill.
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4.8.2 Exposure
Sea level rise is predicted to overtop surrounding streets and dikes, resulting in tidal
inundation of the Transfer Station and Recology facility. Rising ground water in
response to sea level rise may likely cause flooding of these facilities. Both tidal
inundation and rising ground water in response to sea level rise could expose these
facilities to storm water flooding. Reduced effectiveness of the storm water system
could cause flooding that impairs ingress and egress to these facilities. Tidal inundation
of these facilities may create hazardous materials and garbage storage issues, and/or
limit the holding capacity of the transfer station. Waste collection and removal services
may be impacted by street flooding and tidal inundation that could limit the ability of the
providers to access routes in low-lying areas.
The Hawthorne Transfer Station borders Palco Marsh in a close proximity to Humboldt
Bay. Tidal inundation mapping from 2015 to 2100 indicates that the likely pathway for
flooding of the Transfer Station and Recology facility would be from Palco Marsh to the
west as it overtops Felt Street to the northwest, as well as from the southeast.
2030
By 2030, MMMW is projected to reach 8.6 feet NAVD 88, which is approximately the
MAMW in 2015. The two solid waste facilities on Hawthorne Street do not currently
experience flooding during MAMW.
2050
By 2050, MMMW is projected to reach 9.6 feet NAVD 88 and rising ground water levels
and elevated tides may reduce the effectiveness of storm water systems to drain from
the transfer station and Recology facility to the Palco Marsh inter-tidal wetland. Although
the facilities may not be inundated, access to the facilities from Felt Street may be
flooded by storm water runoff. A potential breach of the earthen dike at the northeast
corner of Palco Marsh (elevation approximately 9.0 feet NAVD 88) could cause flooding
of Felt Street and restrict access to the facilities on Hawthorne Street.
2070
By 2070, the HWMA Hawthorn Transfer Station property is vulnerable and at risk from
tidal inundation when MMMW rises to 11.0 feet NAVD 88. The Recology facility would
not be at risk at this time. Solid waste, including electronic, heavy metal, chemical
waste, and hazardous waste have the potential to be discharged into Palco Marsh if
water inundates the waste staging areas. The deep pit that is used for trucks to deliver
and remove garbage could become flooded by storm events and backflow from the oil–
water separator connected to Palco Marsh. Backed up storm water may need to be
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removed with sump pumps to protect the truck loading/unloading area. Brackish marsh
water inundating the parking area and driveways could have a corroding impact on
pumps and vehicular equipment.
2100
By 2100 with a high projection of 13.1 feet NAVD 88 for MMMW, both the transfer
station and Recology facilities could potentially be tidally inundated. The majority of the
transfer station site could be tidally inundated by overtopping of the protective dikes
around the facility and old railroad grade protecting Palco Marsh or flooding of the
wetland area north of Hawthorne Street. Flooding on Hawthorne Street would effectively
shut down the facility.
4.8.3 Susceptibility
The two solid waste facilities are not likely to be impacted by sea level rise until 2070.
Impacts to these two solid waste facilities from tidal inundation or storm water
backwater flooding will first impair access to these properties and flood the concrete pit
used at the transfer station. The services provided by these solid waste facilities and the
City streets that serve these properties are not very resilient to continual disruption from
tidal inundation or flooding. The continued use of these facilities for solid waste
collection and processing when they and the access streets are being tidally inundated
without protective adaptation measures would be low. These facilities are very
susceptible to tidal inundation.
4.8.4 Consequence
Disruption to the waste collection and removal system within the City may impact
commercial and residential services, creating a public nuisance and public health issue
due to a buildup of waste material. Discharge of waste material into the storm water or
natural ecosystems would degrade water quality, potentially impact habitat and wildlife
(including listed species), endanger public health, and could result in regulatory
citation(s).
At their present location, the solid waste facilities would be impacted by tidal inundation,
which would adversely affect commercial and residential customers who utilize the
services provided by these facilities, due to a lack of access, service, or delays. While
solid waste collection and processing services are vital to the City and PA, these
facilities where they are currently sited are not. Solid waste collection and processing
facilities are not coastally dependent uses. These facilities could be replaced by other
facilities located outside of the 2100 tidal inundation and flood zone.
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4.8.5 Priority
By 2050, there are likely to be no impacts to the two solid waste facilities in the City, by
2100 they both could be tidally inundated. The facilities and services rendered at these
facilities would be significantly impacted by tidal inundation. The solid waste facilities
could be relocated before they become tidally inundated as they are not coastally
dependent. The priority ranking for 2050 would be 0 and by 2100 4.

5 Transportation
There are currently three modes of transportation in the City and its PA: surface,
marine, and air. A fourth transportation mode, rail, was closed down in 1998 by the
Federal Railroad Administration. Infrastructure for all modes of transportation on
Humboldt Bay are located in areas that are vulnerable to sea level rise by 2100. Surface
transportation infrastructure in the City and its PA are primarily vulnerable and at risk
from tidal inundation as a result of shoreline erosion or overtopping, backwater effects
from storm water runoff, and secondarily from rising ground water.

5.1 Surface
In the City, there are two surface transportation authority’s responsible for infrastructure
maintenance: City maintains its streets and drainage structures, and Caltrans is
responsible for U.S. Highway 101, including Broadway and the 4th/5th Streets couplet
and State Highway 255. In the PA, Humboldt County is responsible for streets, and
Caltrans is responsible for U.S. Highway 101 and State Highway 255. The three levels
of surface transportation facilities (local streets, State Highway 255, and U.S. Highway
101) will be described and their exposure to sea level rise analyzed. In the City by 2100,
tidal inundation may occur on 12.2 miles of streets, 2.4 miles of U.S. Highway 101, and
the segments of Highway 255 between the bridges spanning Humboldt Bay (Figure 63).
In the PA, 17.6 miles of streets are vulnerable and at risk from tidal inundation by 2100
and 3.4 miles of U.S. Highway 101 (Figure 64 and Figure 65).
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Figure 63.
Local streets and roads in the City of Eureka and its Planning Area on Samoa
Peninsula that could potentially be tidally inundated by 2100 by the high projection for mean
monthly maximum tide of 13.1 feet (NAVD 88).
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Figure 64.
Local streets and roads in northwest City of Eureka and its Planning Area in
Eureka Slough that could potentially be tidally inundated by 2100 by the high projection for
mean monthly maximum tide of 13.1 feet (NAVD 88).
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Figure 65.
Local streets and roads in south City of Eureka and its Planning Area in Elk River
Slough, King Salmon, and Fields Landing that could potentially be tidally inundated by 2100 by
the high projection for mean monthly maximum tide of 13.1 feet (NAVD 88).

5.1.1 Local Streets
Description
In the City, there are 142.2 miles of streets and local roads. Generally, the streets that
are vulnerable and at risk from tidal inundation occur west of Broadway, and from Grant
Street north over to California and E Street, then north of Waterfront Drive and 1st
Street, east of X Street, the north end of Bay Street, and behind the dikes on Eureka
and Fay Sloughs including Jacobs Avenue, Airport Road, and Indianola Cutoff (Figure
63, Figure 64, and Figure 65).
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In the Planning Area, there are 162.7 miles of streets. The streets and roads vulnerable
and at risk from tidal inundation generally occur on the Samoa Peninsula (New Navy
Base Road, all streets in Fairhaven and Fin Town, east of Bayview Avenue in Samoa,
and Vance Avenue), behind dikes on lands that drain to and through Eureka Slough
(West Indianola, Myrtle Avenue in several segments south of Indianola Roundabout to
Ryan Slough, Mitchell Road, and East Park Street), in the Elk River Slough area (Elk
River Road, Pine Hill Road, and Herrick Avenue), and along Entrance and South Bay
(South Broadway Street/Hill Road, Humboldt Hill Road, Purdue Road, Loma Avenue,
Aspen Way, and all streets in King Salmon and Fields Landing) (Figure 63, Figure 64,
and Figure 65).
Exposure
Over time and under repeated tidal inundation or flooding, a street’s road base will
become saturated, causing the asphalt to buckle and requiring resurfacing. Rising tides
can also impair the capacity and function of water controls structures such as tide gates
and culverts associated with City streets, which could increase flooding of adjacent
areas.
In the City, streets are vulnerable and at risk from tidal inundation when the shoreline is
overtopped, or from flooding in low-lying areas in response to high tides, and when
storm water runoff backs up. In the area along Eureka and Fay Sloughs, Jacobs
Avenue, Airport Road, and Indianola Cutoff are vulnerable and at risk from tidal
inundation if segments of protective dike shoreline on Eureka and Fay Sloughs are
breached or overtopped.
In the PA, local streets and roads particularly at risk from tidal inundation are located
behind dikes on Eureka, Fay, Freshwater and Ryan Sloughs, and Elk River and Swain
Sloughs. Streets in King Salmon and low-lying areas like Fields Landing and south
Broadway Street Fields Landing and south Broadway Street are also vulnerable and at
risk now from MAMW (8.78 feet NAVD), 100-year storms (9.99 feet NAVD 88) and sea
level rise.
In the City, only 2% (3.5 miles) of the streets may be tidally inundated by 2050 and 8%
(12.2 miles) by 2100, and 92% (130 miles) are likely to not be inundated (Figure 66 and
Table 16).
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Figure 66.
Miles of streets in the City and its Planning Area that potentially could be tidally
inundated in 2015 and by 2030, 2050, and 2100 as well as the miles of streets that are not likely
to be inundated.

Table 16.
and its PA.

Miles of streets that are vulnerable and at risk from tidal inundation in the City

STREETS
City of Eureka
Planning Area

Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated
1.6
2.1
3.5
12.2
130.0
4.0
6.2
7.7
17.6
145.1

Total
142.2
162.7

2015
In the City, there are currently 1.6 miles of streets that are potentially vulnerable and at
risk from tidal inundation, as they are located in low-lying areas behind protective
shoreline dikes that could be breached or overtopped on Eureka and Fay Sloughs (e.g.,
Jacobs Avenue, Airport Road, Indianola Cutoff and Indianola Road). In the PA, there
are 4 miles of local streets and roads located in low-lying areas that are potentially
vulnerable and at risk from tidal inundation if segments of protective shoreline structures
on Freshwater and Fay Sloughs are breached or overtopped during MAMW (Myrtle
Avenue and side streets in several segments south of Indianola Roundabout to Flying
Ranch Road, East Devoy Road, and Park Street). If dikes on Elk River and Swain
Sloughs are breached or overtopped, segments of Elk River Road and Pine Hill Road
are vulnerable and at risk from tidal inundation. In King Salmon, Crab, Perch, and
Halibut Streets are vulnerable and at risk from tidal inundation if the shorelines are
overtopped by MAMW. In Fields Landing, nearly all of the streets are in low-lying areas
that may flood if the shorelines are overtopped by extreme tides or 100-year storms.
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2030
In the City, in addition to the areas that are vulnerable and at risk from tidal inundation
now, there are an additional 0.5 miles of streets that are located in low-lying areas, less
than MMMW (8.6 feet NAVD) elevation that could be tidally inundated west of Broadway
Avenue: Washington Street, a portion of West 15th Street, Felt Street, a portion of
Bayshore Way, and Pound Road. In the PA, in addition to the areas vulnerable and at
risk from tidal inundation now, there are an additional 2.2 miles of streets that are
located in low-lying areas, less than MMMW (8.6 feet NAVD) elevation that could be
tidally inundated: north of Samoa (Park Street and Vance Avenue), portions of
Fairhaven (Park and Broadway Streets), near Humboldt Hill (South Broadway/Hill Road,
Eich Road, Humboldt Hill Road, and Purdue Drive), most of the residential streets in
King Salmon east of Buhne Drive, and Depot Road in Fields Landing.
2050
In the City, by 2050 when MMMW reaches 9.6 feet (NAVD 88), in addition to areas
vulnerable and at risk from tidal inundation between 2015 and 2030, there may be
another 1.4 miles of streets that could be tidally inundated: North Bay Street, Waterfront
Drive between C Street and the Marina, West 2nd and 3rd Streets between C and
Commercial Streets, Commercial Street north of 4th Street, A Street north of 3rd Street,
Koster Street between Washington and 14th Streets, Railroad Avenue at 14th Street, 14th
and 15th Streets west of Broadway, Bayshore Way, Howell Street, Hilfiker Lane, and
Pound Road. In the PA, by 2050 when MMMW reaches 9.6 feet (NAVD 88), in addition
to areas vulnerable and at risk from tidal inundation in 2030, there may be another 1.5
miles of streets that could be tidally inundated: on the Samoa Peninsula (New Navy
Base Road and Lindstrom Avenue in Fairhaven, Spears Road, Mitchell Road); King
Salmon (Buhne Drive), and Fields Landing (Railroad Avenue).
2100
Between 2050 and 2100, an additional 8.7 miles of City streets could potentially be
tidally inundated by the high projection for relative sea level rise of 5.3 feet (13.1 feet
NAVD 88): Bay Street, 6th Avenue north of Myrtle Avenue, Y Street, X Street, 1st and 2nd
Streets east of W Street, Front Street, Waterfront Drive from T Street to I Street, from E
Street west and north of 4th Street to Waterfront Drive, all streets west of Summer Street
from 5th Street to West Grant Street, West Washington Street, and West 14th Street,
almost all streets west of Broadway, Broadway from Cedar Street south to 15th Street,
and Tooby Road.
In the PA, by 2100 an additional 9.9 miles of streets could potentially be inundated by
the high projection for relative sea level rise of 5.3 feet (13.1 feet NAVD 88): on the
Samoa Peninsula on Samoa Cookhouse Road; in Finn Town on Fay Street, Cole
Avenue, Comet Street, and Bendixon Street; in Fairhaven, all the streets, and New
Navy Base Road south of Lincoln Avenue; on Myrtle Avenue west of Freshwater Creek
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to Bettie Lane from Pigeon Point Road to Tower Drive and Mitchell Road to Ryan
Slough; in south Eureka on Fairway Drive, Elk River Road, Pine Hill Road, and South
Broadway Street, in Humboldt Hill on Meadowbrook Drive, Humboldt Hill Road, Loma
Avenue, and Aspen Way; in King Salmon on King Salmon Avenue and Buhne Drive; all
streets in King Salmon; and in fields Landing, all streets west of U.S. Highway 101.
By 2070, with the high projection for relative sea level rise of 3.2 feet (11.0 feet NAVD
88). King Salmon Avenue could be tidally inundated. King Salmon Avenue provides the
only surface access to the HBGS and the ISFSI. Nearly all of the streets in King Salmon
except for a segment of Buhne Drive could also be tidally inundated. While residences
and commercial business in King Salmon may have started to relocate by 2050, the
HBGS and ISFSI will likely still need to be operational in 2070 and beyond.
Susceptibility
Over time and under repeated tidal inundation or flooding, a street’s road base will
become saturated, causing the asphalt to buckle and requiring resurfacing. Rising tides
can also impair the capacity and function of water controls structures such as tide gates
and culverts associated with City streets. Some street segments could be elevated to
accommodate sea level rise; others may need to be relocated or abandoned. Tidal
inundation of these local streets would be part of the larger overall rising sea level
impacts to the storm water system too. Surface streets would be susceptible to frequent
and prolonged tidal inundation.
Consequence
By 2050 there are 3.5 miles (2%) of streets in the City and 7.7 miles (5%) in the PA that
are vulnerable and at risk from tidal inundation. There are 12.2 miles (9%) of streets in
the City and 17.6 miles (11%) in the PA that are vulnerable and at risk from tidal
inundation by 2100. In the City, a significant portion of the streets at risk from tidal
inundation by 2100 provide access to the waterfront. Reduction in service to this area
would impact the local economy, tourism and community events, the use of port
facilities and CDI properties, and access to the bay. In the PA, road segments at risk of
tidal inundation would create a significant impact to rural communities by impairing or
blocking connectivity to the City or to U.S. Highway 101. Also significant, as sea levels
rise, would be the loss of ingress and egress to several communities in the
unincorporated area of the County: King Salmon, Fields Landing, and Fairhaven.
Priority
Streets are susceptible to tidal inundation. Local streets that serve areas that could be
tidally inundated may likely not be receive a high priority ranking if those communities
are relocated. Streets that provide connectivity between areas not tidally inundated such
as Myrtle Avenue, or that are essential to maintain access to infrastructure, such as
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King Salmon Avenue to the HBGS and ISFSI, would likely receive a higher priority
ranking. Overall due the limited number of miles that could be impacted the priority
ranking for both 2050 and 2100 is 4.

5.1.2 State Highway 255
Description
In the City, State Highway 255 extends west from U.S. Highway 101 approximately 1.9
miles to the Samoa Peninsula then north along the western shore of Arcata Bay to the
town of Manila and then proceeds across diked former tidelands to Arcata where it
rejoins U.S. Highway 101. The reach of State Highway 255 that crosses the bay with
three bridges between two islands is almost entirely in the City (1.4 miles). The PA
encompasses very little of State Highway 255 (0.5 miles).
Exposure
The reaches of highway on islands between the bridges have likely been designed to
withstand being tidally inundated and would suffer no new impacts from sea level rise
tidally inundating the embankments. The embankments, if not fortified, would be
susceptible to wave induced erosion. Tidal inundation of the road surface in the reaches
between the bridges would cause the road base to become saturated, causing the
asphalt to buckle and require resurfacing.
While not in the City’s PA, there is a 2.6-mile reach of Highway 255 that traverses diked
former tidelands, which are vulnerable if the protective diked shoreline on Arcata Bay,
Mad River Slough, or Liscom Slough are breached or overtopped. The shoreline on
Mad River and Liscom Sloughs is rated highly vulnerable (Figure 67). If this reach is
closed, State Highway 255 from Eureka to Samoa Peninsula would become the sole
source of access for the communities of Fairhaven, Samoa, and Manila.
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Figure 67.
State Highway 255 near Mad River and Liscom Sloughs and dike shoreline
vulnerability rating (red=high, yellow=moderate, and green=low).

2015 to 2100
In the City, State Highway 255 is not at risk of being tidally inundated until sometime
around 2050, when a 0.1-mile segment of highway on Indian Island could potentially be
tidally inundated by 1.9 feet (9.64 feet NAVD 88) the high projection for relative sea
level rise. By 2100, State Highway 255 up to 0.3 of mile could potentially be tidally
inundated in the City and just 0.03 miles in the PA.
2015
Outside the PA, State Highway 255 traverses diked former tidelands in the Arcata
Bottoms. This reach of highway is vulnerable and at risk now if the protective shoreline
dikes on Mad River Slough are breached or overtopped.

Trinity Associates 20160630

144

2030
Outside the PA, the dikes along the left bank of Liscom Slough could potentially be
overtopped as MMMW rises to 8.6 feet and MAMW to 9.7 feet (NAVD 88), and this
reach of State Highway 255 could be tidally inundated.
2050
Outside the PA, the length of diked shoreline on the left bank of Liscom and Mad River
Sloughs that could potentially be overtopped by 1.9 feet of sea level rise increases. The
reach of State Highway 255 at risk of tidal inundation would also lengthen.
2070
By 2070, the high projection for sea level rise of 3.2 feet (11.0 feet NAVD 88) would
overwhelm most of the dikes outside the PA on Mad River Slough and Arcata Bay,
causing State Highway 255 to be tidally inundated from both directions for 1.75 miles. A
0.1-mile segment of the highway north of Manila before Samoa Bridge would be tidally
inundated too. It is likely that State Highway 255 will need to be elevated or the reach of
highway that is vulnerable and at risk from tidally inundation closed, which would make
State Highway 255 from Eureka the only point of ingress and egress.
2100
Tidal inundation of State Highway 255 north of Manila would increase by 0.5 miles.
Susceptibility
The highway embankments, if not fortified on the reaches of highway between the
bridges on islands could be susceptible to wave induced erosion. Tidal inundation of the
highway surface in the reaches between the bridges could cause the road base to
become saturated, causing the asphalt to buckle and require resurfacing. The short
sections of highway vulnerable and at risk from tidal inundation between the bridges
spanning Humboldt Bay is limited (0.1 mile by 2050, and 0.3 miles by 2100) and could
be protected by increasing their elevation.
Consequence
In the City, State Highway 255 will likely not be significantly impacted until near 2100.
But there are 2.3 miles of the highway that are vulnerable and at risk from tidal
inundation by MMMW of 13.1 feet (NAVD 88). If these sections of highway are not
adapted to rising tides, then the State Highway 255 loop from Eureka to Arcata could be
severed. Ingress and egress to Samoa Peninsula and the port facilities located there
would have to occur over the bridges from Eureka to Samoa.
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Continued access to the CDI properties, port and harbor facilities on the Samoa
Peninsula may be essential to the region if Humboldt Bay is to remain a viable harbor
and port. Without the connectivity provided by State Highway 255 to the Samoa
Peninsula, the CDI properties and bulk cargo docks located there would no longer be
able to be utilized for export or import. Vehicular access to the U.S. Coast Guard Station
would be lost, as would access to the North Jetty for repair. Also significant would be
the complete loss of ingress and egress to the several communities in the
unincorporated area of the County: Fairhaven, Samoa, and Manila.
The loss of State Highway 255 could be significant to the Humboldt Bay region.
Priority
While exposure to State Highway 255 from tidal inundation is low by 2050, it would
increase significantly on the segment from the City to Samoa and from Arcata south to
Manila, Samoa, Fairhaven, and to the port facilities that may be essential to the
Humboldt Bay region by 2100. The highway would be susceptible to tidal inundation.
The consequences of the tidal inundation impacts to the highway by 2050 would be low
but significant by 2100. The priority ranking for 2050 is 3 and 2100 6.
5.1.3 U.S. Highway 101
Description
U.S. Highway 101 is the primary north–south transportation corridor on the northern
California coast; Caltrans is responsible for the maintenance of U.S. Highway 101. U.S.
Highway 101 is classified as a freeway to the south of the City (K-mart traffic light), as a
major arterial roadway as it traverses the City, and as an expressway to the north of the
City. There are 6.2 miles of U.S. Highway 101 in the City (Table 17). In the City, there
are 1.1 miles of U.S. Highway 101 north of Eureka Slough that traverse low-lying diked
former tidelands.
In the PA, there are 5.5 miles of U.S Highway 101 (Table 17), which traverses 3.4 miles
of low-lying coastal areas in two segments: Eureka to Bracut (2.1 miles ranging in
elevation between 8.8 to 14.3 feet on Arcata Bay) and between Eureka and King
Salmon (1.3 miles ranging in elevation from 11.0 to 13.0 feet (NAVD 88) on Eureka
Bay).
Exposure
In the City and PA, U.S. Highway 101 is vulnerable and at risk from tidal inundation if
segments of protective shoreline dikes on Eureka and Fay Sloughs (Figure 68) are
breached or overtopped; water could drain towards the highway. U.S. Highway 101 is
also vulnerable and at risk where it traverses Elk River Slough where shoreline dikes
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are vulnerable and at risk from breaching or overtopping (Figure 69). If these protective
dikes fail, U.S. Highway 101 could become a causeway with open water potentially on
one or both sides. Under these conditions, the road prism could be exposed to windinduced wave erosion and slumping from over saturation. Over time and under repeated
flooding, the road base will become saturated, causing the asphalt to buckle and require
resurfacing. Rising tides can impair the capacity and function of water control structures,
such as tide gates and culverts, associated with U.S. Highway 101, which could
increase flooding of adjacent areas.
Table 17.
Miles of U.S. Highway 101 that are vulnerable and at risk from tidal inundation in
the City and its PA.

U.S. HIGHWAY 101
City of Eureka
Planning Area

Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated
0.0
0.0
0.0
2.4
3.8
0.0
1.0
1.9
3.4
2.1

Total
6.2
5.5

Figure 68.
Eureka–Fay Slough unit shoreline vulnerability rating: red is high, yellow is
moderate, and green is low, failure of shoreline protection could potentially make U.S. Highway
101 vulnerable and at risk from tidal inundation.
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Figure 69.
Elk River Slough shoreline vulnerability rating: red is high, yellow is moderate,
and green is low, failure of shoreline protection could potentially make U.S. Highway 101
vulnerable and at risk from tidal inundation.

In the City, up through 2050 U.S. Highway 101 is not exposed to tidal inundation but by
2100 approximately 39% (2.4 miles) of U.S. Highway 101 may be tidally inundated. In
the PA 35% by 2050 (1.9 miles) of the highway may be vulnerable and at risk from tidal
inundation and by 2100 62% (3.4 miles). In the City by 2100 61% (3.8 miles) of the
highway are likely to not be tidally inundated, and in the PA 38% (2.1 miles) may not be
(Figure 70 and Table 17).
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Figure 70.
Miles of U.S. Highway 101 in the City and its Planning Area that potentially could
be tidally inundated in 2015 and by 2030, 2050, and 2100 as well as the miles of highway that
are not likely to be inundated.

2015
In the City and PA, U.S. Highway 101 in Arcata Bay could become a causeway if the
protective dike shoreline along Eureka and Fay Sloughs are breached or overtopped by
an MAMW or 100-year storm event. Its road embankments could become tidally
inundated by MMMW elevation of 7.74 feet (NAVD 88) but its road surface would not be
tidally inundated. In the PA, on the Eureka Bay reach, the protective dike on Elk River
Slough has already been breached and the road embankment on the east side of the
highway is tidally inundated now by MAMW of 8.78 feet (NAVD 88). If the protected
railroad grade shoreline on Eureka Bay is breached by an extreme tide or 100-year
storm event, the highway could become a causeway.
2030
In the City, if the protective shoreline dikes along Eureka and Fay Sloughs are breached
or overtopped by an extreme tide or 100-year storm event, the highway on Arcata Bay
in the City could potentially become a causeway.
In the PA, if the protective shoreline dikes along Eureka and Fay Sloughs are breached
or overtopped, several segments of U.S. Highway 101 in Arcata Bay totaling 1.0 miles
of the north-bound lanes could potential be tidally inundated. If the protected shoreline
on Eureka Bay is breached by an extreme tide or storm event, the highway could
potentially become a causeway.
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2050
In the City, U.S. Highway 101 and Broadway and the 4th/5th Streets couplet in their
current conditions are not vulnerable or at risk from tidal inundation by rising tides of 9.6
feet (NAVD 88).
In the PA, the Arcata Bay reach, 1.9 miles of the north-bound lanes and 1.0 miles of the
south bound lanes could potentially be tidally inundated if the railroad grade to the west
and/or the dikes on Eureka–Fay Slough are breached or overtopped by MMMW of 9.6
feet (NAVD 88) and MAMW of 10.7 feet (NAVD 88). The Elk River Slough reach is not
vulnerable or at risk more than what has been described for 2015 and 2030.
2070
In the City, MMMW may reach 10.9 feet (NAVD 88) and on U.S. Highway 101 on Arcata
Bay, there may be 0.6 miles of north-bound lanes and 0.9 miles of the south bound
lanes the could potentially be tidally inundated if both the railroad grade to the west and
the dikes to the east are overtopped or breached. The 4th/5th Streets couplet could
experience tidal inundation of 0.3 miles on 4th Street and 0.2 miles on 5th Street.
Broadway Avenue could have 0.3 miles tidally inundated. U.S. Highway 101 in south
Eureka could have 0.2 miles in the south-bound lanes and 0.1 miles in the north-bound
lanes tidally inundated.
In the PA, by 2070 with the high projection for relative sea level rise of 3.2 feet, both
north and south-bound lanes for 2.1 miles on the Arcata Bay reach could be tidally
inundated if both the railroad grade to the west and the dikes to the east are overtopped
or breached. South of Eureka in the Elk River Slough reach, 0.8 miles of the southbound lanes and 0.6 miles of the north-bound lanes may be tidally inundated when
MMMW reaches 10.9 feet (NAVD 88).
2100
In the City, when the high sea level projection reaches 13.1 feet (NAVD 88), 1.1 miles of
U.S. Highway 101 on Arcata Bay could potentially be tidally inundated, as could 0.5
miles of the 4th/5th Streets couplet, 0.5 miles of Broadway, and 0.3 miles of both north
and south-bound lanes in south Eureka. Cumulatively, 2.4 miles of U.S. Highway 101
could become tidally inundated in the City by 2100.
In the PA, in the Arcata Bay reach, 2.0 miles of both north and south-bound lanes could
become tidally inundated, and 1.4 miles of both north and south-bound lanes south of
Eureka in the Elk River Slough reach could also be tidally inundated. Cumulatively, 3.4
miles of U.S. Highway 101 could potentially be tidally inundated in the PA by 2100.
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Susceptibility
If protective dikes are breached and tidal waters allowed to reach U.S. Highway 101
then under these conditions, the road prism could be exposed to wind-induced wave
erosion and slumping from over saturation. Over time and under repeated flooding, the
road base will become saturated, causing the asphalt to buckle and require resurfacing.
Rising sea levels could inundate the highway, which could interrupt traffic on a frequent
basis.
Consequence
In the City and its PA, U.S. Highway 101 is vulnerable and at risk from tidal inundation
where it traverses low-lying reaches of Arcata Bay and Elk River Slough behind
protective shoreline structures (railroad grade and dikes) that are not maintained by
Caltrans. Any flooding of the highway on a regular basis will be a significant disruption
to the use of this important transportation corridor. By 2050, nearly 2 miles of the
highway on Arcata Bay are vulnerable and at risk of being tidally inundated, and by
2070, nearly 3 miles. On Elk River Slough, nearly 1 mile could be vulnerable and at risk
from tidal inundation. By 2100, U.S. Highway 101 north and south of the City and the
U.S. Highway 101 corridor in the City are vulnerable and at risk from tidal inundation, as
are reaches farther north in Arcata Bay and on South Bay. U.S. Highway 101 is one of
the most critical assets for the City and the Humboldt Bay region. Any interruption of
service on U.S. Highway 101 would be unacceptable.
Priority
U.S. Highway 101 exposure to tidal inundation by 2050 could be nearly two miles,
increasing significantly to potentially 5.8 miles by 2100. The highway is susceptible to
tidal inundation and wave induced erosion. The consequences to the City and the
Humboldt Bay region of any tidal inundation of U.S. Highway 101 would be significant
whether it is two miles or six miles. Therefore, the priority ranking for 2050 is 5 and 2100
6.

5.2 Marine
Humboldt Bay provides a safe harbor for marine-based transport and commerce.
Humboldt Bay is the only deep water harbor between San Francisco and Coos Bay,
Oregon, a distance of 438 miles. Humboldt Bay is a type of bar-formed lagoon, with
South and North Spits separating the bay from the ocean. The Humboldt Bay Harbor,
Recreation and Conservation District (District) is the Port Authority for Humboldt Bay. In
1973, the state legislature made a grant of State Sovereign Lands to the District in
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Humboldt Bay not previously granted to the City. The District was also granted authority
to regulate shoreline development, up to Mean Higher High Water (MHHW) elevation
(6.9 feet NAVD 88) on Humboldt Bay and its sloughs, and to Mean High Water (MHW;
5.8 feet NAVD 88) on the islands of Humboldt Bay. The City and Humboldt County in
the PA regulate land use above MHHW on Humboldt Bay and Eureka and Elk River
Sloughs and the City above MHW on the Islands of Humboldt Bay. In the City, marine
transport and commerce is supported by public and private waterfront facilities located
in areas zoned CDI, Industrial, Commercial Waterfront, and Public Facilities. In the PA,
marine transport and commerce facilities are located in unincorporated areas that
Humboldt County has designated CDI, Industrial General, Coastal Recreation, and
Public Facilities.
Marine transport infrastructure in the City and PA will be described and its exposure to
sea level rise analyzed for the Harbor, Coastal Dependent Industrial property/bulk cargo
docks, and commercial fishing fleet and recreational boating facilities (Table 18).

Table 18.
Summary of marine transportation assets (Port facilities) vulnerable and at risk in
the City of Eureka and its Planning Area to current conditions (2015) and high projections for
relative sea level rise by: 2030, 2050, and 2100.
PORT FACILITIES
Jetty (miles)
Industrial
Commercial
Recreational

COE
0.0
5
8
8

PA
3.0
5
5
5

Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100
COE
PA
COE
PA
COE
PA
COE
PA
0.0
0.0
0.0
0.2
0.0
0.2
0.0
2.2
0
0
0
0
1
0
5
2
0
0
2
0
3
2
7
4
0
0
0
3
8
4
8
5

5.2.1 Humboldt Bay Harbor
Description
The Humboldt Bay Harbor entrance consists of two rock jetties, a bar and an entrance
channel, which are maintained by the U.S. Army Corps of Engineers (ACE) and the
District. The ACE constructed and maintains the two jetties that form the entrance to
Humboldt Bay. The North Jetty is approximately 1.4 miles long and currently 0.5 miles
are waterward of the vegetated shoreline. The South Jetty is approximately 1.6 miles
long and 0.8 miles are waterward of the vegetated shoreline. The ACE regularly
dredges 2.1 miles of the bar and entrance channels (approximately 2,300 and 9,000
feet in length) and turning basin, as well as two main navigational channels to North Bay
and Fields Landing (South Bay), and their respective turning basins (Figure 71).
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Figure 71.
Engineers.

Humboldt Bay navigational channels maintained by U.S. Army Corps of
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The entrance channel is maintained to a depth of 48 feet. The main North Bay channel
is approximately 3.5 miles (18,500 feet) in length and is maintained to a depth of 38
feet. Nearly all of the bulk cargo docks are located on the main North Bay channel, with
the exception of one bulk cargo dock on the Fields Landing channel. The North Bay
channel eventually branches into the Eureka channel 1.8 miles in length (approximately
9,700 feet) and Samoa channel 1.5 miles in length (approximately 8,000 feet long). The
Eureka channel is maintained to a depth of 38 feet for 0.71 miles (3,749 feet) and then
to a depth of 26 feet for 1.3 miles (6,700 feet). Both the Eureka and the Woodley Island
Marinas are located in the City on the Eureka channel. The Samoa channel is
maintained to a depth of 38 feet. The main South Bay channel is approximately 2.3
miles (12,000 feet) in length and is maintained to a depth of 26 feet. There are turning
basins at the end of the Samoa and Fields Landing channels. Together the District and
City are responsible for dredging two public marinas (Eureka and Woodley Island),
which are located in the Eureka Channel and in the City. The District also assists private
dock-owners with dredging.
Exposure
Rising sea levels and continued tectonic subsidence may affect the processes that
maintain the morphology of the South Spit, which is relatively low elevation (less than
20 feet). Shoreline erosion and retreat could pose a hazard to the South Spit. Rising
sea levels will inundate the jetties and the access roads to the jetties. It is not known
whether being submerged will affect the jetties' performance. However, submerged
jetties could become a navigational hazard. Tidal inundation of access roads could
impact the ability of vehicular equipment to reach the jetties for future repairs.
The 1997–98 El Niño increased runoff from the Eel River, and elevated sea levels filled
the bar and entrance channel with over a million cubic yards of sand. In 2000, the
District and the ACE completed a channel deepening project. Climate change could
increase storm discharge magnitude in the Eel River, which combined with increased
sea level elevations, could result in El Niño-like conditions off the coast of Humboldt
Bay. If these conditions occur, they could increase the frequency of sediment filling the
bar and entrance channel, requiring more frequent dredging to maintain the entrance to
the harbor.
The diked former tidelands on Humboldt Bay are protected from tidal inundation by 41
miles of earthen dikes. If these dikes are breached, the former tidelands could become
tidally inundated, which could expand the bay’s footprint by as much as 52% and
possibly increase the tidal prism on Humboldt Bay. It is not known if an increased tidal
prism would affect conditions in the bar and entrance channels.
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2015
MAMW of 8.8 feet (NAVD 88) could overtop approximately 0.2 miles on the bay side of
the North Spit jetty.
2030
The MMMW is projected to rise by 0.9 feet (8.6 feet NAVD 88) by 2030. Approximately
0.2 miles (790 feet) of the North Spit jetty located in the bay could become submerged.
2050
The high projection for MMMW by 2050 is 1.9 feet (9.6 feet NAVD 88) and
approximately 420 feet of South Jetty Road, which provides vehicular access to the
South Jetty, could be tidally inundated, and 475 feet of New Navy Base Road that
services the North Jetty could also be tidally inundated. Approximately 0.2 miles (1,214
feet) of the North Jetty could become submerged.
2100
By 2100, nearly 1.7 miles of New Navy Base Road and 1.1 miles of South Jetty Road
could become tidally inundated by 5.3 feet of sea level rise (13.1 feet NAVD 88).
Approximately 1.2 miles (87%) of North Jetty and approximately 0.9 miles (61%) of
South Jetty could be submerged with the high projection for relative sea level rise by
2100.
Susceptibility
The impacts from sea level rise on the harbor related to sediment transport, channel
scour or aggradation, dune-spit formation and maintenance, and jetty function are not
known at this time. Changes in these processes and functions may become more
pronounced between 2050 and 2100, when the high projections for sea level rise may
reach 1.9 to 5.3 feet. Access to the jetties on South and North Spits may be affected by
tidal inundation and shoreline erosion. The roadway accessing the jetties may need to
be protected from sea level rise. It is not known if tidal inundation would impact the
function of the jetties. Changes in sediment supply, transport, and deposition in the
navigation channels could be a significant impact.
Consequence
Should the South Spit breach, it will likely have a significant effect on sediment transport
and circulation in South Bay and the harbor entrance. If the bar and entrance channels
aggrade significantly in response to sea level rise and changes in offshore sediment
movement, the cost of maintaining the entrance and navigation channels will increase.
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Dredging the navigational channels is a major expense for the District and may increase
substantially. Access to the jetties via surface roads or by barge is not required on a
frequent basis, as the jetties have not required frequent maintenance or repair.
The Spits, jetties, entrance, and navigation channels are critical to Humboldt Bay and
the City if it is to continue to provide a safe harbor and port.
Priority
The exposure to the spits, jetties and navigation channels from sea level rise is difficult
to assess. While by 2100 73% (2.2 miles) of the jetties could be tidally inundated they
may still continue to function and may not be susceptible to sea level rise. Access roads
to the jetties could be vulnerable and at risk from tidal inundation and they would be
susceptible. How sediment supply, transport, and deposition in the navigation channels
might respond to sea level rise is not known. Humboldt Bay as a harbor is one of the
most significant assets to the City if it is to remain a viable port. By 2050 these Harbor
structures and features are not expected to be impacted very much by tidal inundation
but by 2100 exposure, susceptibility, and consequence will increase. The priority
ranking for 2050 is 0 but a 6 by 2100.
5.2.2 Coastal Dependent Industrial/Docks
Description
According to the District’s Humboldt Bay Management Plan, there are 10 industrial
docks in the City and PA (Figure 72 and Figure 73): 8 dry-cargo and 2 liquid-cargo
docks (HBMP 2007). In 2015, only four industrial docks are active in exporting or
importing cargo: three dry-cargo (Sierra Pacific, Schneider, and Green Diamond) and
one liquid-cargo (Chevron); the other six docks are currently not actively used for
shipping.
Five of the docks are located in the City (active and inactive) on CDI properties. Two
dry-cargo docks, Sierra Pacific and Schneider, are used primarily to ship forest products
(wood chips and logs). The Schneider dock is also occasionally used for non-cargo
vessels, including the Navy, Coast Guard, and cruise ships. There is one active liquidcargo dock operated by Chevron Oil Company. There is an inactive dry-cargo dock
owned by the City, Dock B, which is designated as a Foreign Trade Zone, and one
inactive liquid-cargo dock owned by Phillips Petroleum (formerly Tosco).
In the PA, there are five industrial dry-cargo docks located on CDI properties. On
Samoa Peninsula, there are four dry-cargo docks: one active dock, Green Diamond,
that ships wood chips, and three inactive docks, District’s Redwood Terminal 1,
District’s Redwood Terminal 2 (former Evergreen Pulp Mill dock), and one dock at the
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former Simpson Pulp Mill (Fairhaven Business Park). In Fields Landing, there is one
inactive dock, Humboldt Bay Forest Products, which is designated as a Foreign Trade
Zone.

Figure 72.
City of Eureka on the right and its Planning Area on the left and their bulk cargo
docks: (1) Chevron, (2) Sierra Pacific, (3) Phillips, (4) Schneider, (5) Dock B, (6) Redwood
Terminal 1, (7) Redwood Terminal 2, (8) Green Diamond, and (9) Fairhaven.
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Figure 73.
Bulk cargo dock in the Planning Area, (10) Humboldt Bay Forest Products in
Fields Landing.

In the City, the liquid bulk cargo dock properties (Chevron and Phillips) are less than 11
feet (NAVD 88) in elevation. The three dry bulk cargo dock properties (Sierra Forest
Products, Schneider, and Dock B) are less than 13 feet (NAVD 88) in elevation.
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In the PA, the Redwood Terminal 1 Dock on Samoa Peninsula is less than 11 feet
(NAVD 88) in elevation. The other three dock properties (Redwood Terminal 2, Green
Diamond, and Fairhaven) are greater than 14 feet (NAVD 88) in elevation, which is
above the high projection for 2100. The dry-cargo dock property in Fields Landing is
less than 11.0 feet (NAVD 88).
Exposure
In the City, one of its bulk cargo docks and CDI property may be impacted by tidal
inundation. By 2100 all of its bulk cargo docks and CDI properties are projected to be
tidally inundated with the exception of the City’s CDI property associated with Dock B. In
the PA 2050 U.S. Highway 101 is not exposed to tidal inundation but by 2100
approximately 39% (2.4 miles) of U.S. Highway 101 may be tidally inundated. In the PA
none of the bulk cargo docks and their CDI properties appear to be tidally inundated by
2050 and by 2100 two bulk cargo docks and CDI properties could potentially be tidally
inundated (Figure 74 and Table 19).

Figure 74.
Percentage of Coastal Dependent Industrial docks and property in the City and
its Planning Area that potentially could be tidally inundated in 2015 and by 2030, 2050, and
2100, as well as the percentage that is not likely to be inundated.

Table 19.
Number of Coastal Dependent Industrial docks that are vulnerable and at risk
from tidal inundation in the City and its PA.
CDI DOCKS and PROPERTY
City of Eureka
Planning Area
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Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated
0
0
1
5
0
0
0
0
2
3

Total
5
5

159

When sea level rise overtops the shoreline, it is expected to tidally inundate the bulk
cargo dock facilities and their CDI properties, as well as access streets. By 2100, all five
docks within the City and the Redwood Terminal 1 dock in the PA are projected to
potentially be tidally inundated by MMMW of 13.1 feet (NAVD 88). Only three of the bulk
cargo docks on the Samoa Peninsula may not be vulnerable and at risk from tidal
inundation (Figure 75). Regional transportation corridors (U.S. Highway 101 and State
Highway 255) funnel mainly forest products from inland sources to the bulk cargo
shipping facilities on the bay. As these transportation corridors are impacted by sea
level rise, they may in turn impact shipping from these Harbor facilities. All 10 of these
bulk cargo dock properties have fortified shorelines that are not likely to erode, with the
exception of the property adjacent (north-side) to the Chevron Fuel Terminal, which
could provide a pathway for tidal inundation.
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Figure 75.
City of Eureka on the right and its Planning Area on the left and their bulk cargo
docks: (1) Chevron, (2) Sierra Pacific, (3) Phillips, (4) Schneider, (5) Dock B, (6) Redwood
Terminal 1, (7) Redwood Terminal 2, (8) Green Diamond, and (9) Fairhaven with the area that
could potentially be tidally inundated by 2100 by the mean monthly maximum tide of 13.1 feet
(NAVD 88).
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2015 to 2030
In the City and its PA, no impacts from sea level rise to the bulk cargo dock properties
are expected during this period.
2050
In the City, portions of the Chevron bulk fuel dock property could potentially be tidally
inundated by 2050, when MMMW rises to 9.6 feet (NAVD 88) and MAMW reaches 10.7
feet (NAVD 88). In the PA, no impacts from sea level rise to the dry bulk cargo dock
properties are expected during this period.
2070
In the City, two dry bulk cargo dock properties (Sierra Pacific and Schneider) and the
two bulk fuel dock properties (Chevron and Phillips Petroleum) could potentially become
tidally inundated when MMMW rises to 11.0 feet (NAVD 88), which is the high projection
for 2070 and MAMW reaches 12.0 feet (NAVD 88).
In the PA, the dry bulk cargo dock at Redwood Terminal 1 property on Samoa
Peninsula could potentially be tidal inundated when MMMW rises to 11.0 feet (NAVD
88) and MAMW reaches 12.0 feet (NAVD 88). The dry bulk cargo dock property in
Fields Landing could also potentially be tidally inundated.
2100
In the City, the City’s dry bulk cargo Dock B property could potentially become tidally
inundated when projected MMMW rises to 13.1 feet (NAVD 88) and MAMW reaches
14.1 feet (NAVD 88). In the PA, the remaining three industrial dry bulk cargo dock
properties on the Samoa Peninsula are greater than 14 feet (NAVD 88) in elevation,
and are therefore not expected to be tidally inundated by the high projection for 2100.
Susceptibility
There are seven Coastal Dependent Industrial bulk cargo docks, adjacent lands and
developments below 14.0 feet (NAVD 88) in elevation, that if unprotected, are
susceptible to a large degree to tidal inundation and flooding as projected by 2100.
These sea level rise impacts are expected to begin affecting bulk cargo docks and CDI
lands (1) by 2050 but more significantly by 2070 and 2100 (7) based on projected
increases in tidal elevations as result of relative sea level rise. The Bulk cargo dock and
properties that are vacant or suffering from a lack of maintenance are susceptible to a
greater degree than those facilities that being used and maintained. Bulk cargo facilities
and their supporting properties may need to be elevated to avoid tidal inundation. The
City only owns the Dock B bulk cargo dock and property. The dock is unable to be used
in its current condition and the property is vacant. The City could partner with the
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privately owned bulk cargo docks in its jurisdiction to develop adaptation strategies and
secure funding necessary to permit and implement adaptation measures in order to
continue to receive benefits from the docks’ continued services.
Consequence
In the City, the potential loss of all of its CDI bulk cargo docks and associated
developments to sea level rise by 2100 would be significant if its desires to continue to
function as a sea port. In the PA, 60% (3) of its bulk cargo docks on the Samoa
Peninsula would likely not be impacted by sea level rise projections for 2100. The loss
of 40% of the PA’s bulk cargo docks would not be as consequential to the Humboldt
Bay region as the City losing 100% of its bulk cargo docks would be to the City.
In the City, the potential loss of the port services provided by the bulk cargo docks could
be significant to the City and Humboldt Bay region, particularly with the loss of the only
operating bulk liquid fuel dock on Humboldt Bay. The Chevron terminal is currently an
essential piece of infrastructure to the Humboldt Bay region. The services of the bulk
dry cargo docks if lost in the City could be offset if those services were relocated to the
three CDI properties with functioning bulk cargo docks on Samoa Peninsula through
2100.
In the PA, the bulk cargo dock in Fields Landing is currently not in operation; however,
its potential loss to tidal inundation by 2070 could have a significant impact to the
region, as this dock has a Foreign Trade Zone designation. The District’s Redwood
Terminal 1 bulk cargo dock and property is currently being put back into service; its
potential loss by 2070 to tidal inundation could be significant to the region and Port of
Humboldt, given the potential loss of the City’s bulk cargo facilities.
In the City, tidal inundation of the CDI properties and the consequent loss of the
currently active liquid and dry bulk cargo dock facilities potentially by 2070 could be
significant. The potential loss of these facilities could greatly impact if not eliminate the
City’s capacity to function as a port on Humboldt Bay. Regional and local access to and
from these bulk cargo facilities will also be significantly impaired from tidal inundation in
2070 through 2100 and beyond.
The City has very little capacity to adapt four of the five bulk cargo docks and properties
in its jurisdiction to sea level rise. The City can partner with these bulk cargo property
owners and other beneficiaries of these facilities to secure money necessary to
implement protective measures to tidal inundation. Ultimately, the long-term strategy for
adaptation to sea level rise may be to relocate/consolidate CDI uses and bulk cargo
services to the properties and docks on Samoa Peninsula that are not at risk from tidal
inundation by 2100.
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Priority
By 2050 only one bulk cargo dock in the City could be vulnerable and at risk from tidal
inundation by MMMW and MAMW. By 2100 70% (7) of the bulk cargo docks and their
adjacent properties could be tidally inundated. All of the bulk cargo docks in the City
could potentially be tidally inundated. Cargo docks and their adjacent properties and
access streets are all susceptible to being tidally inundated. The potential loss of 70% of
the bulk cargo facilities on Humboldt Bay could be significant if it is to continue to be an
Industrial port. The priority ranking for the bulk cargo docks and developments for 2050
is 3 and by 2100 a 6.
Bulk cargo docks and their CDI properties should be high priority assets to the City if it
is to remain a viable industrial port. If it is not feasible to retain these dock facilities and
properties beyond 2070 given the projected sea level rise, then their priority to the City
from 2050 to 2100 could be lowered.

5.2.3 Commercial Fishing Fleet
Description
The commercial fishing industry has a long tradition of development and use of the
working waterfront in the City and in its PA. In the City, the commercial fishing industry
relies on public and private waterfront properties and facilities: District’s 214 boat berths
at Woodley Island Marina with a boom crane–work/maintenance area (Figure 76); 150
boat berths at City boat basin; the City’s Fisherman’s Terminal with a 420-foot dock and
hoists for unloading; England Marine Supply and fuel dock; Coast Seafood’s shell fish
processing station, dock and property; old Ice House property; Pacific Choice property
and receiving station and processing plant (Figure 77); Caito’s property’s receiving
station, processing plant and dock (Figure 76).
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Figure 76.
Woodley Island and Humboldt Bay Harbor, Recreation and Conservation
District’s Marina and (1) Caito fish receiving station.

Figure 77.
City of Eureka commercial fishing facilities: (1) Fisherman’s Terminal, (2) Coast
Seafood, (3) Old Ice House, (4) Pacific Choice and Englund Marine, and (5) City of Eureka.
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In the PA, there are a several other commercial fishing properties and facilities. On the
Samoa Peninsula, the District’s property and bulk cargo docks at Redwood Terminal 1
is being developed for commercial fishing fleet use, and Redwood Terminal 2 is now
being used by Hog Island Oyster Company to produce oyster spat. Zerlang & Zerlang
boatyard in Finn Town, next to Zerlang, is another commercial dock at the end of Comet
Street that is being used by Hog Island Oyster Company to raise oysters. A dock in
Fields Landing is being used for the commercial crab fishery, and the District’s Fields
Landing boatyard and property are actively used by commercial and recreational boats
(Figure 78).

Figure 78.
Fields Landing commercial fishing facilities: (1) Private commercial fishing dock
and property, and (2) Humboldt Bay Harbor, Recreation and Conservation District’s boatyard
property.
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Exposure
In the City, by 2030 two of its commercial fishing docks and facilities could potentially be
impacted by tidal inundation, and 3 by 2050, by 2100 it is projected that 7 (87%)
commercial fishing docks and facilities could be tidally inundated, only one dock and
facility is likely to not be affected. In the PA two commercial fishing docks and facilities
could be tidally inundated by 2050 and four (80%) by 2100, leaving just one commercial
fishing docks and facilities that is not likely to be tidally inundated (Figure 79 and Table
20).

Figure 79.
Percentage of commercial docks and property in the City and its Planning Area
that potentially could be tidally inundated in 2015 and by 2030, 2050, and 2100 as well as the
percentage that is not likely to be inundated.

Table 20.
Number of commercial docks that are vulnerable and at risk from tidal inundation
in the City and its PA.
COMMERCIAL DOCKS-PROPERTY Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated
0
2
3
7
1
City of Eureka
0
0
2
4
1
Planning Area

Total
8
5

Rising sea levels will eventually cause boat berths and docks to float off their pilings
during king tides or storm surges. The high projection for MMMW is to rise 2 feet by
2050, while MAMW could rise that much by 2030, and MAMW may be 3 feet higher in
2050. When sea level rise overtops the shoreline, it would tidally inundate waterfront
properties where commercial fishing and recreational boating facilities and docks are
located, as well as the streets that access these properties. Most of the properties that
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support the commercial fishing fleet and recreational boating facilities have fortified
shorelines that are not likely to erode, with the exception of the Zerlang & Zerlang
property in the PA on Samoa Peninsula.
2015
There are no commercial fishing facilities at risk from tidal inundation in 2015.
2030
In the City, when MMMW rises 0.9 feet to 8.6 feet (NAVD 88), and MAMW reaches 9.7
feet (NAVD 88), Coast Seafood’s property could potentially be partially inundated. In the
PA, by 2030 no commercial fishing facilities are expected to be tidally inundated.
2050
In the City, when MMMW rises 1.9 feet to 9.6 feet (NAVD 88), and MAMW reaches 10.7
feet (NAVD 88), the jetty at the Eureka Boat Basin could be tidally inundated, and the
parking area and adjacent Waterfront Drive could also be partially inundated. Coast
Seafood’s property and the adjacent reach of Waterfront Drive could be tidally
inundated, and Caito’s property could potentially be just starting to be tidally inundated.
In the PA, when MMMW rises 1.9 feet to 9.6 feet (NAVD 88), and MAMW reaches 10.7
feet (NAVD 88), the commercial fisheries facility at Fields Landing could be partially
inundated, as could the District’s Fields Landing boatyard and the Zerlang & Zerlang
boatyard on Samoa Peninsula.
2070
In the City, when MMMW rises 3.2 feet to 11.0 feet (NAVD 88), and MAMW reaches
12.0 feet (NAVD 88), the waterfront property between Humboldt Bay and 4th and
Summer Streets from West Washington Street to D Street (Eureka Boat Basin,
Commercial Street dock, Coast Seafood, and Fisherman’s Terminal) could become
tidally inundated, with the exception of the CITY’s Wharfinger and Dock B properties,
and Caito’s property. While Woodley Island Marina is not likely to be tidally inundated by
2070, its sole access road could be.
In the PA, when MMMW rises 3.2 feet to 11.0 feet (NAVD 88), and MAMW reaches
12.0 feet (NAVD 88), the waterfront property at the commercial fisheries facility at Fields
Landing could be tidally inundated, as could the District’s Fields Landing boatyard. On
Samoa Peninsula, the Zerlang & Zerlang boatyard and the District’s Redwood Terminal
1 properties could be tidally inundated by MMMW of 11.0 feet (NAVD 88) and MAMW of
12.0 feet (NAVD 88).
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2100
By 2100, when MMMW rises 5.4 feet to 13.1 feet (NAVD 88), and MAMW reaches 14.1
feet (NAVD 88), all of the waterfront properties in the City and its PA supporting the
commercial fishing fleet could potentially be tidally inundated, with the exception of the
District’s Woodley Island Marina and its Redwood Terminal 2 property on Samoa
Peninsula. Access streets to these properties could also be tidally inundated, including
access to Woodley Island.
Susceptibility
In the City, rising tidal elevations by 2050 of 2 to 3 feet could require that the pilings at
the two marinas be raised to prevent the boat berths and docks from floating off during
MAMW and storms, or 100-year floods. The commercial fishing facilities and properties
in the City and PA are to a large degree susceptible to tidal inundation by 2070 when
the high projection for MMMW and MAMW reaches 10.95 feet and 11.99 feet (NAVD
88). Potential tidal inundation of most of the City’s waterfront properties and facilities by
2070 could likely be a significant impact to the commercial fishing fleet, if these are the
only receiving, processing, or storage facilities available. The City’s Eureka Boat Basin
property and access streets are also susceptible to significant degree if they are tidally
inundated, by 2070. These commercial fishing facilities and their supporting waterfront
properties are very susceptible to tidal inundation in their present condition. The
facilities and properties will need to be elevated to avoid tidal inundation. The District’s
Woodley Island facilities and properties are not expected to be tidally inundated even by
2100.
In the PA, the commercial fishing and boatyard facilities and properties in Fields
Landing, the Zerlang & Zerlang boatyard on the Samoa Peninsula, and the District’s
Redwood Terminal 1 properties are also susceptible to a significant degree as they are
likely to be tidally inundated by 2070. The District’s Redwood Terminal 1 property and
facilities could be elevated to reduce their vulnerability and risk from tidal inundation and
protect the commercial fishing fleet’s infrastructure if it was relocated there.
Consequence
By 2050, approximately 38% (3 docks) of the City’s commercial fishing docks and
facilities could be significantly impacted by tidal inundation and in the PA 40% (2 docks).
The loss of 80 to 87% of the waterfront facilities and properties in the City and its PA by
2100 that support the commercial fishing fleet to tidal inundation would be significant to
the City and the Humboldt Bay region. The District’s Woodley Island facilities and
properties in the City would likely continue to function through projected sea level rise
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for 2100. In the PA, the loss of the boatyard at Fields Landing and Zerlang & Zerlang on
Samoa Peninsula by 2070 could also be a significant impact to the commercial fishing
fleet in the Humboldt Bay region.
Priority
Exposure to the commercial fishing fleet docks, facilities and properties by 2050 is
projected to approach 40% and by 2100 80 to 90%. These waterfront facilities and
properties are susceptible to tidal inundation. The consequences of 40% of its
commercial fishing facilities and properties being tidally inundated by 2050 is significant
and only get more so by 2070 and 2100. The commercial fishing fleet and its supportive
facilities and properties are priority assets to the City if it is to remain a viable
commercial fishing port. The priority rankings for 2050 and 2100 are 5 and 6.
5.2.4 Recreational Boating
Description
Recreational boating also benefits from the safe harbor and port facilities provided by
Humboldt Bay. The recreational boating community, in addition to using many of the
public and private facilities that the commercial fleet does, also uses facilities
specifically for recreational boating in the City and its PA (Figure 80).

Figure 80.
City of Eureka recreational boating facilities: (1) Eureka Boardwalk, (2) Humboldt
State University’s Aquatic Center, (3) Adorni Center, (4) Bonnie Gool dock, (5) Humboldt State
University’s Crew dock, (6) Samoa boat launch property, and (7) Woodley Island.
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In the City, there are two public boat launch ramps, rest rooms, and parking areas:
Eureka boat basin (Figure 80) and City’s Samoa Bridge boat ramp. The District’s
Woodley Island Marina. There are also six public recreational boating docks in the City
located at: C Street, Eureka Boardwalk on F Street, HSU Aquatic Center/J Street,
Adorni Center/K Street, Bonnie Gool/L Street, and HSU Crew in Halverson Park.
In the PA, there are three private recreational boating facilities at King Salmon: fuel
dock and bilge & sewage pump-out station, 80 boat berths, and EZ Landing boat launch
ramp. There are also two public boat launch ramps, rest rooms, and parking areas at:
Humboldt County’s Fields Landing boat ramp (Figure 78) and Humboldt County’s
Samoa Peninsula boat ramp.
Exposure
By 2050, MMMW and MAMW could reach 9.64 feet and 10.68 feet (NAVD 88) may
cause most of the City’s and in the PA approximately 67%, of boat berths and floating
docks to float off their pilings and boat launches to become tidally inundated. By 2100
all but the recreational facilities at Woodley Island could be tidally inundated (Figure 81
and Table 21).

Figure 81.
Percentage of Recreational docks in the City and its Planning Area that
potentially could be tidally inundated in 2015 and by 2030, 2050, and 2100 as well as the
percentage that is not likely to be inundated.

Trinity Associates 20160630

171

Table 21.
Number of Recreational docks that are vulnerable and at risk from tidal
inundation in the City and its PA.

RECREATIONAL DOCKS-PROPERTY Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated
0
7
8
8
0
City of Eureka
0
2
2
3
0
Planning Area

Total
8
3

When sea level rise overtops the shoreline, it could tidally inundate waterfront properties
where recreational boating facilities and docks are located, as well as the streets that
access these properties. Most of the properties that support the recreational boating
facilities have fortified shorelines that are not likely to erode.
2015
There are currently two recreational boating facilities (King Salmon and Fields Landing)
vulnerable and at risk from tidal inundation during MMMW and MAMW.
2030
In the City, dock pilings in the Eureka Boat Basin and all six recreational floating boat
docks may need to be extended when MMMW rises 0.9 feet to 8.6 feet (NAVD 88), and
MAMW reaches 2.0 feet higher (9.7 feet NAVD 88). In the PA, the private recreational
boating facilities at EZ Landing property in King Salmon and the Humboldt County boat
launch at Fields Landing could be tidally inundated when MMMW rises 0.9 feet to 8.6
feet (NAVD 88), and MAMW reaches 9.7 feet (NAVD 88).
2050
In the City, when the MMMW rises 1.9 feet to 9.6 feet (NAVD 88), and MAMW reaches
10.7 feet (NAVD 88), portions of the Eureka Boat Basin (the boat launch ramp and
parking area) and adjacent Waterfront Drive could become tidally inundated, as could
the City’s Samoa Bridge boat launch ramp. In the City, pilings may likely need to be
extended at the six public boat docks in the City to accommodate sea level rise.
In the PA, when the MMMW rises 1.9 feet to 9.6 feet (NAVD 88), and MAMW reaches
10.7 feet (NAVD 88), Humboldt County’s Fields Landing boat launch ramp could
become tidally inundated and the parking lot could partially flood. Recreational boating
facilities in King Salmon could be tidally inundated, as would the access streets (Perch
Street and Halibut Avenue), except King Salmon Avenue and Buhne Drive.

Trinity Associates 20160630

172

2070
In the City, when the MMMW rises 3.2 feet to 11.0 feet (NAVD 88), and MAMW reaches
12.0 feet (NAVD 88), the City’s Samoa Bridge boat launch and parking lot could be
tidally inundated. The parking areas for the J and K Street, Boonie Gool/L Street dock,
and HSU Crew dock in Halverson Park could also be tidally inundated. While Woodley
Island Marina is not likely be tidally inundated by 2070, its access road could be.
In the PA, when the MMMW rises 3.2 feet to 11.0 feet (NAVD 88), and MAMW tides
reaches 12.0 feet (NAVD 88), the County’s Fields Landing boat launch ramp and
parking lot, Railroad Avenue, and the County’s Samoa boat launch ramp and portions of
its parking lot potentially could be tidally inundated.
2100
By 2100, with 5.3 feet of sea level rise (13.1 feet NAVD 88), with the exception of the
District’s Woodley Island Marina, all of the recreational boating facilities and properties
in the City and its PA are projected to be tidally inundated. Access streets to these
recreational boating properties are also projected to be tidally inundated, including
access to Woodley Island.
Susceptibility
The recreational boating facilities could be adversely impacted to a significant degree as
early as 2050.
In the City, the marinas contain boat berths and floating docks held in place against the
flooding and ebbing tides by concrete pilings that could be impacted significantly by
rising tide elevations. Recent tsunami damage of the port in Crescent City illustrates the
vulnerability of the pilings to extreme water elevations. Rising tidal elevations by 2050 of
2 feet for MMMW and 3 feet for MAMW could require that the pilings at the two marinas
be raised to prevent the boat berths and docks from floating off during MAMW, storms,
or 100-year floods. Boat launch facilities and their floating docks could also be
adversely impacted by these rising tide elevations. Eventually, parking and restroom
facilities at the boat launches will become tidally inundated, leading to the relocation or
abandonment of these boat launch facilities. The City’s Eureka Boat Basin property,
facilities, and access streets could also be tidally inundated by 2070. The District’s
Woodley Island facilities and properties are not expected to be tidally inundated even by
2100.
In the PA, the three recreational facilities in King Salmon and boat launch in Fields
Landing could become tidally inundated by 2050, they are also susceptible to adverse
impacts to floating docks, boat launch facilities and access streets from rising tides.
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Consequence
In the City and its PA, tidal inundation of most of the recreational boating properties and
facilities by 2070 could be a significant impact to the public and recreational boating
community, if these are the only boat launch and dock facilities available.
The loss of the recreational boat launches and docking facilities and properties that are
vulnerable and at risk from tidal inundation in the City and its PA would be significant to
the general public and residents of the City. If these facilities at risk are not adapted to
sea level rise or relocated, their loss would result in a significant reduction in coastal
access for the general public.
The District’s Woodley Island has berths for recreational boats but currently no
recreational boat launch or docking facilities. The District could add recreational boating
facilities as other such facilities become tidally inundated.
Priority
Recreational boating, associated supportive facilities and properties are likely to be
exposed and adversely impacted significantly by 2050. The loss of these facilities would
result in a significant reduction in coastal access for the general public. Recreational
boating, associated supportive facilities and properties are priority assets to the City if it
is to remain a viable port. The priority ranking by 2050 is 6 and 4 by 2100. If it is not
feasible to retain the recreational boating facilities and properties beyond 2070 given the
projected sea level rise, then their priority to the City from 2050 to 2100 may be
lowered.

5.3 Air
5.3.1 Murray Field Airport
Description
The Humboldt County Murray Field Airport is located in the City’s jurisdiction, and it is
operated by Humboldt County Department of Public Works–Aviation Division. The
airport is located on 131 acres of diked former tidelands (elevation 5 to 11 feet NAVD
88). The airport is bound by Eureka and Fay Sloughs to the south and U.S. Highway
101 and North West Pacific Railroad grade to the north, which lie between the airport
and Humboldt Bay. Surface elevation of the airport ranges from 5 to 6 feet NAVD 88,
while the 3,011-foot-long runway ranges in elevation from 6 to 11 feet (NAVD 88)
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(Figure 82). The airport is accessible from U.S. Highway 101 and Jacobs Avenue. This
airport is classified as a general aviation airport, rather than a commercial airport. The
airport provides public, private, and commercial aviation services, including air freight
transport businesses. Commercial airlines have operated at Murray Field for over 40
years and Northern Air is the airport’s Fixed Base Operator. They lease two hangars
from the County. Their services include fuel, transient aircraft parking, aircraft rental,
flight instruction, and engine maintenance repair (HCAOG 20-Year Update-2013 RTP).
The original runway is no longer in operation; it was shut-down in 1997. Future plans for
the airport include possible expansion of three acres on the south/southwest side of the
airport for additional facilities (i.e., aircraft storage and parking), and three acres on the
north side of the airport that might be useful for future airport development (County of
Humboldt 2007).

Figure 82.

Humboldt County Murray Field Airport surface contours (NAVD 88).

Trinity Associates 20160630

175

Exposure
The Murray Field Airport is bordered by Eureka and Fay Sloughs. The airport is
vulnerable and at risk from tidal inundation should any segment of the 3.3 miles of diked
shoreline on Eureka and Fay Sloughs is breached or overtopped. Currently, there are
1.2 miles of shoreline on Eureka and Fay Sloughs that are rated highly vulnerable to
breaching or overtopping (Figure 83). Storm water runoff from the area bound by
Eureka and Fay Sloughs drains through five tide gates, which would become impaired
by rising sea levels that could cause flooding of the airport facilities. Rising ground water
in response to sea level rise is also expected to impact existing airport facilities.
Indirectly, rising ground water could convert lands adjacent to airport facilities to
wetlands and waterfowl habitat, which might pose a hazard to air traffic.

Figure 83.
Shoreline vulnerability rating (red = high, yellow = moderate, and green = low) for
segments protecting Murray Field Airport from tidal inundation (Laird & Powell 2013).
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2015
The shoreline dikes protecting the Murray Field Airport are not overtopped by current
MMMW of 7.7 feet. However, protective shoreline dikes on Eureka or Fay Sloughs
could be breached during MAMW of 8.8 feet, as there are at least three vulnerable (to
erosion and due to low elevation) sections. If the dikes breach, then nearly all of Murray
Field’s existing airport runway (6 to 11 feet NAVD 88) and facilities (6 feet NAVD 88)
could be tidally inundated (Figure 84).

Figure 84.
Potential tidal inundation area at Murray Field Airport under existing mean
monthly maximum tide elevation (7.7 feet), if shoreline structures fail.

2030
The high projection for MMMW is 8.6 feet (NAVD 88), which could overtop currently
vulnerable dike shoreline sections. Average MAMW could rise to 9.7 feet (NAVD 88),
and if the 1.2 miles of highly vulnerable dike segments have not been raised in
elevation, these segments could also be overtopped. The airport could be tidally
inundated to a depth of 2.5 to 3.7 feet.
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2050
The high projection for MMMW is expected to be 9.6 feet (NAVD 88), which could
frequently overtop the low-lying shoreline segments that have not been raised. The
MAMW of 10.7 feet (NAVD 88) could overtop nearly all of the diked shoreline on Fay
Slough and much of the diked shoreline on Eureka Slough, tidally inundating the airport
to a depth of 4.7 feet.
2070
The MMMW of 11.0 feet (NAVD 88) and MAMW of 12.0 feet (NAVD 88) may exceed
the elevation of most of the dikes along Eureka and Fay Sloughs now protecting the
airport. If the dikes are increased in elevation sufficient to prevent overtopping, the
projected 3.2 feet of relative sea level rise to MLLW elevations could likely prevent the
area from draining to the sloughs.
Susceptibility
Tidal inundation would significantly impair the continued use of this or any airport, and is
a significant adverse impact. Under current conditions at the airport, if the protective
diked shoreline is breached, tidal inundation could reach depths of 1 to 2 feet during
MMMW (7.74 feet NAVD 88). Tidal inundation of the tarmac areas of the airport could
raise safety concerns, and frequent flooding of the tarmac areas may not be acceptable
under current aviation regulations. Frequent flooding and rising ground water of lands
adjacent to the runways could convert these lands to wetlands and waterfowl habitat,
which might pose a hazard to air traffic. The continued operation of the airport under
these conditions may not be possible.
By 2030, if the protective shoreline is breached, tidal inundation at the airport could
reach depths of 2 to 3 feet during mean monthly maximum tides, and by 2050, 3 to 4
feet. By 2070, the current dikes protecting the airport will likely be overtopped regularly,
leading to breaching and tidal flooding of the low-lying areas behind.
The airport facilities could be raised in elevation to prevent tidal inundation should the
protective diked shoreline fail and to mitigate rising ground water inundation. Airport
facilities could be protected from tidal inundation with the construction of a protective
levee around the perimeter of the airport. Alternatively, the existing protective shoreline
structures could be raised in elevation and fortified where necessary to prevent tidal
inundation of adjacent property and the airport.
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Consequence
While the Murray Field Airport is the only general aviation facility in the City, it is not the
only general aviation airport in Humboldt County. The larger commercial Arcata–Eureka
Airport 16 miles to the north may be able to accommodate general aviation services that
could be displaced with the closure of the Murray Field airport. The loss of the air
transport services at Murray Field Airport, if they were maintained at the Arcata–Eureka
Airport, could affect the City with a loss of revenue and services.
Priority
The airport property and facilities are vulnerable and at risk from tidal inundation if any
portion of protective shoreline dike fails. Airport facilities are very susceptible to tidal
inundation or flooding. If the general aviation services provided at the airport could be
accommodated at the larger regional airport in McKinleyville then the consequences of
losing this airport would be lessened. From now to 2050 the loss of the airport services
would be an adverse impact to the City and County. From 2050 to 2100, the airport may
be a much lower priority asset to the City. The priority ranking for the airport for 2050 is
6 and 5 for 2100.

5.3.2 Samoa Field Airport
Description
The City owns the Samoa Field Airport, which is located on 359 acres of former dunes
(elevation 12.0 feet NAVD 88). Surface elevations of the airport runway range from 11
to 14 feet (NAVD 88) (Figure 85). The airport is operated by the City Department of
Public Works. The airport is within the City’s PA, located in the unincorporated area of
Humboldt County on the Samoa Peninsula. New Navy Base Road is between the
airport and Humboldt Bay to the east. To the west the airport is surrounded by coastal
dunes and the Humboldt County Samoa Dunes Recreational Area. The airport is
accessible from New Navy Base Road. The airport provides services for recreational
and personal business. The airport does not operate at night; there are no lights on the
runway and no aviation services are provided. Although Samoa Field Airport is
classified as a Community General Aviation Airport, it does not meet all the minimum
standards of this airport class. The airport’s longest runway, 2,700 feet by 60 feet, does
not reach the minimum length, width, or weight-bearing standards. Additionally, the

Trinity Associates 20160630

179

airport does not have visual aid equipment, 24-hour on-field weather services, or an
instrument approach procedure (HCAOG 2013). The City maintains 15 hangers at the
airport.

Figure 85.

City of Eureka’s Samoa Field Airport surface contours (NAVD 88).
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Exposure
The Samoa Field Airport is vulnerable and at risk from tidal inundation through a lowlying wetland area southeast of the airport. The low elevation and exposed shoreline on
the bay is rated highly vulnerable to overtopping (Figure 86). Old Navy Base Road
bisects this wetland area but would afford very little protection, as its elevation ranges
from 6 to 8 feet (NAVD 88). Between the road and shore of Humboldt Bay is an intertidal wetland. In order for shoreline erosion to affect the airport, Old Navy Base Road
would have to be breached. The Samoa Field Airport runway being at an elevation of
11.0 to 14.0 feet (NAVD) is not vulnerable or at risk to tidal inundation until 2070 based
on the high projection for MMMW of 10.95 feet (NAVD 88).

Figure 86.
Shoreline vulnerability rating (red = high, yellow = moderate, and green = low) for
shoreline segment protecting Samoa Field Airport from tidal inundation (Laird & Powell 2013).
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2050
Not until 2050 would MMMW (9.6 feet NAVD 88) reach the southeast corner of the
airport property by flooding the low-lying area and Old Navy Base Road (less than 9.0
feet elevation NAVD 88).
2070
Even 3.0 feet of relative sea level rise (10.7 feet NAVD 88), which could occur around
2070, would not inundate the airport runway. However, MAMW of 12.0 feet (NAVD 88)
could tidally inundate the airport property and portions of the runway. Surface elevations
of the Samoa Field Airport and runway range from 11 to 14 feet (NAVD 88).
2100
The high projection for MMMW is expected to reach 13.1 feet (NAVD 88), which could
tidally inundate a significant portion of the runway and airport property (Figure 87).

Figure 87.
Potential tidal inundation area at Samoa Field Airport by 2050 (dark blue) at 9.6
feet (NAVD 88) and 2100 (light blue) at 13.1 feet (NAVD 88).
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Susceptibility
The Samoa Field Airport is not likely to be impacted by shoreline erosion or tidal
inundation from now to 2050. Tidal inundation would significantly impair the continued
use of this or any airport, and is a significant adverse impact. Tidal inundation of the
tarmac areas of the airport would raise safety concerns. However, tidal inundation of the
airport is not likely to occur until 2070 during MAMW. Frequent tidal inundation or
flooding of the tarmac areas is likely not be acceptable under current aviation
regulations. Frequent flooding and rising ground water of lands adjacent to the runways
could convert these lands to wetlands and waterfowl habitat, which might pose a hazard
to air traffic. The continued operation of the airport under these conditions may not be
possible
The airport facilities could be raised in elevation to prevent tidal inundation. Airport
facilities could also be protected from tidal inundation with the construction of a
protective levee. Although it is not known if rising groundwater would become an issue.
Consequence
The Samoa Field Airport is not the only recreational and personal business airport
facility in the County. The larger Arcata–Eureka Airport 16 miles to the north may be
able accommodate air services that would be displaced with the closure of the Samoa
Field Airport.
The City could partner with the County, who maintains Old Navy Base Road, and the
U.S. Coast Guard to secure money necessary to maintain and elevate the road, which
could protect the airport from tidal inundation. Ultimately, the long-term strategy for
adaptation to sea level rise of 2 to 5 feet by 2100 may be to relocate Samoa Field
Airport services to another recreational and personal business airport facility or the
Arcata–Eureka Airport.
Priority
By 2050, the City’s Samoa Field Airport is not likely to be exposed or susceptible to sea
level rise. By 2100, the airport could be tidally inundated, which would be a significant
adverse impact making it susceptible but the importance of this airport could be
considered low. The priority ranking for 2050 is 0 and 2100 4.
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5.4 Rail
In 1998, the North Coast Railroad Authority (NCRA) and North West Pacific (NWP)
Railroad ceased rail transportation operations in the City and PA. In 2007, the NCRA
conducted emergency shoreline repairs in the PA on the railroad segment between Elk
River Slough and PG&E’s HBPP property. In 2008, the NCRA completed additional
shoreline repairs of the railroad in this same reach.
5.4.1 Description
In the City, there are 7.3 miles of railroad grade; Two miles of railroad grade form the
shoreline of Humboldt Bay, approximately 1.1 miles of which are rated highly vulnerable
to sea level rise (Table 22). There are also two railroad bridges: one over Eureka
Slough and the other over Elk River Slough. In the PA, there are 5.1 miles of railroad
grade; 2.2 miles forming the shoreline of Humboldt Bay, and 0.5 miles of railroad grade
is rated highly vulnerable to sea level rise (Figure 88).
Table 22.
Cumulative length (miles) of NCRA railroad grade that potentially could be tidally
inundated in City of Eureka and its Planning Area at various planning horizons.
Rail Transportation
City of Eureka
Planning Area

Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated
0.1
0.5
1.3
4.7
2.59
0.0
0.0
2.1
3.7
1.4

Total
7.3
5.1

Figure 88.
North Coast Railroad Authority railroad grade and Eureka Slough Bridge,
shoreline vulnerability rating (red = high, yellow = moderate, and green = low) for segments
protecting Murray Field Airport from tidal inundation.
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5.4.2 Exposure
The railroad grade across from the entrance to the harbor experiences significant wave
energy, and as a result, is heavily fortified; this reach was last re-enforced in 2007 and
2008. In the City, the railroad grade between Eureka Slough and California Redwood
Company property and in front of U.S. Highway 101 is exposed to significant wave
energy from prevailing winds and is a good example of the value of a living shoreline
protective structure that is vulnerable and at risk from sea level rise. However, due to
the low elevation of this reach of railroad grade, tidal inundation is likely by 2050 when
1.9 feet of sea level rise is projected. In the City, the low-lying railroad reach between
Del Norte and Truesdale Streets is also vulnerable and at risk from tidal inundation
between 2030 and 2050. The railroad grade reaches that form the shoreline of
Humboldt Bay are vulnerable and at risk of being tidally inundated and from wave
induced erosion washing away the railroad ballast.
In the City by 2050, there are 1.3 miles (18%) of the railroad grade that could be tidally
inundated and by 2100 4.7 miles (65%), leaving 2.6 miles (35%) that may not be
inundated. In the PA by 2050 there are 2.1 miles (45%) of the railroad grade that could
be tidally inundated and by 2100 3.7 miles (82%), leaving just 1.4 miles (18%) that may
not be inundated (Table 22).
In the PA, the railroad forms a long reach of shoreline in Arcata Bay that protects U.S.
Highway 101 that is also exposed to significant fetch from prevailing winds and is
vulnerable and at risk from tidal inundation between 2030 and 2050.
2030
In the City, there are two short segments on Arcata Bay that could be tidally inundated
by 0.9 feet of sea level rise and on Eureka Bay south of Del Norte Street by MMMW of
8.8 feet (NAVD 88) and MAMW of 9.7 feet (NAVD 88). No railroad reaches in the PA
are likely to be exposed to tidal inundation at this time.
2050
In the City, there are 1.3 miles of railroad grade vulnerable and at risk from tidal
inundation by the high projection for sea level rise of 1.9 feet (MMMW of 9.6 feet NAVD
88) north of Truesdale Street to Del Norte Street and on Waterfront Drive, as well as the
reach north of Eureka Slough Bridge. In the PA, 2.1 miles of railroad grade on Arcata
Bay and in Fields Landing are vulnerable and at risk from tidal inundation by MMMW of
9.6 feet and MAMW 10.7 feet (NAVD 88).
2100
In the City, there could be 4.7 miles of railroad grade vulnerable and at risk from tidal
inundation by MMMW of 13.1 feet (NAVD 88) from 5.3 feet of sea level rise, north of Elk
River Slough and west of Broadway to E Street and east of S Street to north of Eureka
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Slough Bridge. In the PA, 3.7 miles of railroad grade could be vulnerable and at risk of
tidal inundation, on Arcata Bay north of Eureka Slough Bridge and from King Salmon
south.
5.4.3 Susceptibility
The railroad is susceptible to adverse impacts from tidal inundation during MAMW and
wave action during storms and 100-year extreme events. The railroad has not been
used since 1998, and has only maintained or repaired in one reach of the PA. Without
maintenance bridges, on Eureka and Elk River Sloughs, in a marine environment are
likely degrading. Likewise railroad ballast is being eroded in areas exposed to wave
energy.
5.4.4 Consequence
As the railroad has not been in operation for nearly two decades the loss of this
transportation infrastructure may have no impact on current rail transportation needs of
the City or the Humboldt Bay region. Erosion of the railroad grade could have significant
consequences to U.S. Highway 101 where it is being protected by the railroad grade.
Although planning is underway to utilize the railroad grade for alternative pedestrian and
non-motorized travel, therefore the loss of this grade and bridges could be of
consequence to the City and Humboldt Bay region.
5.4.5 Priority
The railroad is exposed to sea level rise by 2050 and increasingly by 2100. Railroad
grades and bridges are susceptible to the adverse impacts from tidal inundation, waves,
and flooding. Because the railroad has not been operation for nearly two decades its
loss as a form of rail transportation to the City and its PA is no existent. Also the City
has access to other transportation facilities such as U.S. Highway 101 the loss of the
railroad as a form of transportation is not significant. The priority ranking for 2050 is 3
and for 2100 4. The priority ranking for the railroad to the City could be increased if the
railroad were considered as alternative form of pedestrian transportation.
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6 Contaminated Sites
Contaminated sites are not so much an asset as a liability in need of remediation to
protect public health and water quality. Contaminated sites around Humboldt Bay
include leaky storage tanks, a point discharge of hazardous substance, or inadequate
hazardous substance storage vessel. Remediation of contaminated sites is regulated by
the North Coast Regional Water Quality Control Board (NCRWQCB) and Humboldt
County Environmental Health Department (County). Responsibility of the City for
contaminated sites is limited to City-owned parcels that have been identified as
requiring remediation due to a point discharge of a hazardous substance, or inadequate
hazardous substance storage vessels. Based on a listing of regulated sites published by
the State Water Resources Control Board (SWRCB), there are currently no
contaminated sites owned by the City requiring remediation. This Section focuses on
publicly (other than the City) or privately owned untreated or open contaminated sites
that have been identified by the SWRCB within the City and surrounding PA.

6.1 Description
The majority of contaminated sites in the City and PA are privately owned and regulated
by either the County or NCRWQCB, depending on contamination type. The County is
the lead agency for all leaky underground storage tanks (LUST) sites and monitors the
transition of leaky UST systems to above ground storage tank systems. The
NCRWQCB is responsible for all other contaminated sites.
In the City, there are 231 regulated facility sites reported by the SWRCB Geotracker
database (SWRCB 2015). Remediation at many of these sites has been completed, and
they are now designated as closed cases. There are 50 open contamination cases in
the City that are at various stages of compliance, including sites eligible for closure;
undergoing remediation, site assessment, verification monitoring, or interim remedial
action; or that are inactive. However, there are only 23 open contaminated sites,
ranging in elevation between 4.3 feet to 12.1 feet that are vulnerable to tidal inundation
within the 2100 planning horizon (Figure 89). Two sites are located in the Eureka–Fay
Slough unit in the Jacobs Avenue commercial area, one is on Duluwat (Indian) Island,
one in Old Town on 2nd Street, and the remaining 19 sites are spread out along the
waterfront area from H Street to Hawthorne Street, and from the bay to 4th and
Broadway.
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Figure 89.
In the City of Eureka, 23 open contaminated sites and the area that could
potentially be tidally inundated by 2100 by the high projection for mean monthly maximum tide
of 13.1 feet (NAVD 88).

In the PA, there are an additional 63 regulated facility sites. Remediation at many of
these sites has been completed, and they are now designated as closed cases. There
are 12 open contaminated sites in the PA, but only six range in elevation from 5.1 to
11.3 feet (NAVD 88), making them vulnerable to tidal inundation within the 2100
planning horizon. There are two sites in King Salmon, two sites in Fields Landing, and 2
sites on the Samoa Peninsula (Figure 90 and Figure 91).
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Figure 90.
In the Planning Area, four open contaminated sites in King Salmon and Fields
Landing and the area that could potentially be tidally inundated by 2100 by the high projection
for mean monthly maximum tide of 13.1 feet (NAVD 88).
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Figure 91.
In the Planning Area, two open contaminated sites on the Samoa Peninsula and
the area that could potentially be tidally inundated by 2100 by the high projection for mean
monthly maximum tide of 13.1 feet (NAVD 88).

6.2 Exposure
Open contamination sites are expected to be affected by sea level rise through tidal
inundation and rising ground water. Public health and water quality may be affected by
contaminated sites that are tidally inundated by sea level rise. Changes in ground water
elevation can mobilize constituents trapped in soil layers and result in an increase in the
size of the contamination plume. Once a contaminated site is inundated, constituents of
concern may pollute drinking water systems like the HCSD’s wells, or waters of the
state like Humboldt Bay. Tidal inundation of contaminated sites could make monitoring
and clean-up activities much more difficult.
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Contaminated sites are not graded by regulatory authorities. Instead, the estimated
volume of contamination at a site is combined with site-specific geotechnical
characteristics and distances to water bodies and aquifers; collectively, this information
is used to determine the degree of remediation that will be required to safeguard public
health. All of the open contaminated sites that are located along Humboldt Bay have the
potential to impact the health and well-being of the public and sensitive ecosystems if
remediation is not completed.
It is important to note that a changing regulatory environment and policy greatly impacts
the standards for contaminated site closure. The state’s low-threat closure policy was
changed in 2012, attributed to budgetary constraints, and has led to closure of a
number of sites where residual levels of contamination remain. Residual contamination
at closed sites susceptible to the impacts of sea level rise may warrant greater scrutiny
as they could potentially impact public health, water quality, and the bay ecosystem.
Also, as remediation is implemented, contaminated sites that are identified in this
document will constitute less of a risk to public health.
In the City, there are a total of 23 open contamination sites and in the PA 12, based on
the SWRCB’s Geotracker tracking system as of July 2015. These sites are located in
areas that are vulnerable and at risk from tidal inundation within the 2100 planning
horizon (Table 23). By 2050, there are four (8%) sites that are vulnerable and at risk
from tidal inundation by MMMW of 9.6 feet (NAVD 88) located on diked former
tidelands, on Duluwat (Indian) Island, and the waterfront. Only one (8%) site in the PA
located in the King Salmon Marina is vulnerable and at risk from tidal inundation by
2050. By 2100, MMMW and MAMW could reach 13.1 feet and 14.14 feet (NAVD 88)
and in the City 23 (46%) sites could be tidally inundated and 6 (50%) in the PA, 27
(54%) of the open contaminated sites in the City and 6 (50%) in the PA are likely to not
be tidally inundated by 2100 (Figure 92 and Table 23).

Table 23.
Open contaminated sites that are vulnerable and at risk from tidal inundation in
the City and its PA by the high projection for mean monthly maximum tide of 13.1 feet (NAVD
88).

CONTAMINATED SITES
City of Eureka
Planning Area

Trinity Associates 20160630

Inundated by 2015 Inundated by 2030 Inundated by 2050 Inundated by 2100 Not Inundated
2
2
4
23
27
0
1
1
6
6

Total
50
12
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Figure 92.
Percentage of open contaminated sites in the City and its Planning Area that
potentially could be tidally inundated in 2015 and by 2030, 2050, and 2100 as well as the
percentage that is not likely to be inundated.

2015
In the City, there are two open contamination sites in the Eureka–Fay Slough unit near
the Jacob’s Avenue commercial area. This area is vulnerable and at risk from tidal
inundation in 2015 if the protective shoreline dikes are breached. There are no open
sites in the PA at risk from tidal inundation in 2015.
2030
There are no additional open contamination sites in the City that are vulnerable to tidal
inundation from the MMMW elevation of 8.6 feet (NAVD 88). In the PA, there is one site
in King Salmon at the EZ Landing Marina that could be tidally inundated by 2030.
2050
In the City, by 2050, the high projection for MMMW is 9.6 feet (NAVD 88), which is
nearly the elevation of a 100-year event in 2015 (9.99 feet NAVD 88). Two open
contamination sites could become tidally inundated during this time period, including
one site on Duluwat (Indian) Island and one in Old Town on 2nd Street. No additional
open contaminated sites in the PA are projected to be tidally inundated.
2100
In the City, the high projection for MMMW is 13.1 feet (NAVD 88). There could be 19
more open contaminated sites that may become tidally inundated, along the waterfront
from H Street to Hawthorne Street, and from the bay to 4th and Broadway. In the PA, by
2100, there are an additional five open contaminated sites that could become tidally
inundated: two in Field’s Landing, two in Samoa, and one in King Salmon.
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6.3 Susceptibility
Changes in ground water elevation can mobilize constituents trapped in soil layers and
result in an increase in the size of the contamination plume. Once a contaminated site is
inundated, constituents of concern may pollute drinking water systems like the HCSD’s
wells, or waters of the state like Humboldt Bay. Once remediation to acceptable levels
has been achieved, these sites should no longer pose a hazard to public health or water
quality if they became tidally inundated.

6.4 Consequence
These open contaminated sites either involve a point discharge of hazardous
substance(s), or inadequate hazardous substance storage vessels. Public health and
water quality may be adversely affected by these open contaminated sites if they are
tidally inundated or saturated by rising ground water. Once a contaminated site is
inundated, the contamination plume of constituents of concern may expand and pollute
drinking water systems, or waters of the state like Humboldt Bay. The magnitude of the
impact will depend on the size of the contamination plume and its proximity to water
systems or sensitive receptors. The City and County in the PA do not have jurisdiction
over these contaminated sites that are regulated by the NCRWQCB, and therefore have
little capacity to address the impacts of these sites to public health and water quality.
Assuming there will be no new open contaminated sites the consequences of up to 29
open sites becoming tidally inundated could be significant if domestic water systems or
sensitive receptors are affected. Pollution of open waters like Humboldt Bay could be
significant adverse impact to water quality and possibly to the commercial oyster farms
in the Bay.

6.5 Priority
There are 5 open contaminate sites that could be exposed to tidal inundation by 2050
and 29 by 2100. These sites could be impacted significantly if they become tidally
inundated as their constituents become mobilized and pollute receiving waters. Some
consequences are that when a contaminated site is inundated, the contamination plume
of constituents of concern may expand and pollute drinking water systems, or waters of
the state like Humboldt Bay. Threats to public health and water quality are significant
consequences of open contaminated sites becoming tidally inundated. The priority
ranking for 2050 is 4 and 6 for 2100.

Trinity Associates 20160630

193

